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** But with regard to th« material world, w« can at least go to fiir as 
this — we can perceira that arents are brought about not bj insulated 



iuterpoeitions of Divine power, exerted in each particular case, but by the 
establishment of general laws." 

Wuewsll: Bridgewater Treatise. 

'* The only distinct meaning of the word ' natural ' is gtated^ fixed^ or 
Bettled ; since what is natural as much requires and jiresupiMwes an intel« 
ligent agent to render it so, i. «., to effect it continually or at stated times, 
as what is sapematural or miraculous does to effect it for once." 

Butleb: Analogy of £0V0aicd Seligion, 

*' To conclude, therefore, let no man out of a weak conceit of sobriety, 
or an ill-applied moderation, thmk or maintain, that a man can search too 
far or be too well studied in the book of God's word, or in the book of 
God's works ; dirinlty or philosophy ; but rather let men endearour an 
endless progrebs or proficience in both." 

Baook : Advcmocment of Learning. 
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PFvHEBOUS small oorrections have been made in the logt 
mi preeent editions on Tarious subjects, according as the 
evidence has become somewhat stronger or weaker. The 
more important corrections and some additions in the pre- 
sent Tolnme are tabulated on the following page, for the 
ccmTenienoe of those interested in the subject, and ^ho 
possess the fifth edition. The second edition was little 
more than a reprint of the first. The third edition was 
largely corrected and added to, and the fonrth and fifth 
still more largely. As copies of the present work will 
be sent abroad, it may be of use if I specify the state of 
the foreign editions. The third French and second Ger- 
inaQ editions were &om the third English, with some few 
of the additions given in the fourth edition. A new fourth 
French edition has been translated by Colonel Monlini^ ; 
of which the first hulf is from the fifth English, and the 
latter half from the present edition, A third German 
edition, under the superintendence of Professor Victor 
Cams, was &om the fourth English edition ; a fifth is now 
preparing by the same author from the present volume. 
The second American edition was from the English second, 
with a few of the additions given in the third ; and a 
third American edition has been printed from the fiftb 
English edition. The Italian is from the third, the Dutch 
Uid three Eussian editions from the second English edition, 
v.Hid the Swedish from the fifth English edition. 
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AN HISTORICAL SKETCH 

Cff TIIE PROGRESS OF OPINION OS THE ORIGIN OK SPECIES^ 

PSETIOUBLr TO TUX TCBUOAT10» Or TltE FIB8T EDITIDtl 




I wm. here a give a brief sketch of tbe progresa of opinion on the 
Ori;j;in of Speuiea, Until recently the great majority of naturaliiitf 
believed that species were immutable prodticttonx, and had bceu 
wpirately created. Thie view has been ably maintaiued by maiiy 
t^ora. Some few naturalista, on the other hand, have believed 
tt specieB undergo modificstiou, and that the existing forms ot 
are the deacendants bj true generation of pre-exiatmi; forma. 
orer ailoaiooH to tho Bubject Id the clasBical writers,' Ibe firei 
who in modem times has treated it in a scientific spirit nas 
iffon. But as his opinions Suctuated greatly at (itScrent periods, 
rnd as be does not enter on the causes or means of the transfomto- 
in of species, I need not here enter on details. 
Lamarck was the lirst man whoee conclnsions on tbe subject 
cxdtod innch attantion. This jufltly-cclebrated naturalist first pub- 
Hilled his views in 1801 ; ho mucb enlarged ibem in 1809 in bis 
'Fhilosophie Zoologique,' and subseqaently, in 1SI6, in tbe Intro- 
daction to bis 'Hist. Nat. des Animanx sans Verl^bres.' In tbera 

* Arlitolle, in bli ' PhyiLcic Ausculutlonei' (lib. S, cop. 8, a. 2), atlcr 
Mmukiag Ihat nin do» not Isll In otdsr to malie tbe cam grow, any 
mar* than It blli to spoil thg hrmer'i com when throbtd out of doon, 
•fplia the fame ■rganifnt to organiistioa ; and adds (u traiulated by 
Kti Clair Grece, who £rst puiolvd outtbapua^c to nie), "Sowhathiaden 
llw dlBercnt part* [of tbe bodyj from luTiagtbUnierglyneddeDtal relatloii 
mDstnreP u tbe te<tb, for eiuuiple, grow by DECoHity, tbe Croat ones 
■harp, adapted for divkliDg, and the grioden flat, and terricrablg for mai- 
tioating the food; tlDca they were not made for the take of thii, bat it 
wa* the rwnlt of acddmt. And id like maaner u to tbe otbi^r parli iu 
which there appean to eiiAt aaoElaptatloo toae end. Wberbuever, tfaflr*- 
fcre, all thingi togethfi (thai is all the parti of une whole) happened like 
ai if they were zoade for the sake o( soiuHthjDg, Iheae were preierred, 
kaving been appropriately coa»lituted by aa iDtemal spontiiaeily ; and 
•tutaoCTer thingi were not (liui conrtltuted. periahisl, and ititl periih." 
Ve here Me Iha priaciple of natural seleirtlon ehodowed forth, but how 
ill tie AridolU fully camprebended the prioLiple, is liiuwn by hit reniarki 
ce the fonnalion ofih* teeth. 
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desceoJod from other specios, and that they become improved in 
the course of modification. This same view *fts giveii in his 55di 
Lectnre, publiflbed in the ' Lancet ' in 1834. 

In 1831 Mr. Patrick Matthew published his wrafc on 'Naval 
Timher and ArborieultUTB,' in which he gives precisely the saniB 
view on the origin of species as that (presently to be alluded to) 
prdpoundeil by Mr. Wallace and myaelf in the ' Liunenn Journal,' 
and as that e-nlargcd in the present volume. lioTortunately t]io 
view was given by Mr. Matthew very briefly in Bcatterad pass^eii 
in an Appendix to a work on a different subject, so that it remained 
unnoticisd until Mr. Matthew himself drew attention to it in the 
' Gardeners' Chronicle,* on April Tth, 1860. The dilferences of Mr. 
Matthew's view ^m mine are not of much importance: he saema 
to consider that the world waa nearly depopulated at Buccessive 
periods, aod then re-stocked ; aod he gives as an alternative, that 
new furms may be generated " without the preseoce of any mould 
or germ of former aggiegaUs." 1 am not sure that 1 understand 
some passages ; but it seems that he attribuUs much influence to 
the direct action of the cotiditions of life. He clearly satV, bow- 
ever, the full lorce of the principle of natui&l selection. 

The celelitnted geol<^t and naturalist, Von Buch, in his ex- 
cellent ' Dtiscriplion Physique des Isles Canaries ' (1836, p. 147), 
clearly expresses bis belief that varieties slowly become changed 
into permtment species, which are no longer capable of inter- 
crossiug. 

Rafineaque, in his ' New Flora of North America,' published in 
1836, wroiB (p. 6) as follows: — "All species might have been 
varieties once, and many varieties are grailually becoming species 
by assuming constant and peculiar characters ; " but farther on 
(p. 18j be adds, "except the original types or ancestors of the 

In 1843-44 Professor Haldeman (' Boston Journal of Nat, Hist. 
L', States,' vol. iv. p. 468) has ably given the arguments for and 
a^unsl the hypothesis of the development and modification of 
sjiecies : he seems to lean towards the side of chnQf;e. 

The 'Vestiges of Creation' appeared in 184*. In the tenth 
■od much improved edition (1853) the anonymous author says 
<p. 155): — The proiiosition determined on after much considtra- 
tion is, that the several series of animated beings, from the simplest 
and oldest up lo the highest and most recent, ai'c, under the provi- 
dence of God, the results, jirif, of on impuiso which has been 
imparted In the forms of life, advancing tlieiu, in doliaite tiiuos, by 
generatioti, through gmdes of or^aoisatiou lerminatiog m the 
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bgbwt dicotjledona end vertebrata, these grades being few ia 
amnber, ftod geDemll; marked by intervals of organic character, 
iwtitcb we find to be a practical dii&ciiltj in ascertaining affiniiice ; 
WKond, oT another impalM connected with iho vilal forces, tending, 
in Ike conr*e of generations, to modify organia atnicturea in accor- 
dknoe with external drcnmstaQces, as food, llie nature of the 
Iftbitat, and the meteoric agencies, these being the ' adaptations ' 
«f the DatuiBl theologian." The aathor apparently believes that 
Mganisation progressea by Hndden leaps, but that the effects 
poduced by the conditions of life are graduaL He argnes with 
nmch force on general groimds that species are not immntabis 
pt>diictions. But I cannot see howthetwo supposed "impulses" 
aocoont in a scientific sense for the nnmeroua and beautiful c«- 
■daptations which we sea throughont nature ; I cannot soe that we 
' UrOB gun any insight bow, for instance, a woodpecker has become 
■dapted U> its peculiar habits of life. The work, from its powerful 
and fatiUiant style, tbongh displaying in the earlier editions little 
Hcnntd knowledge and a great wont of scientific caution, imme- 
dialeljr had a very wide circulatloa In my opimon it hu doos 
ncelloit service in this country in calling attention to the sub- 
ject, in removing prejudice, and in thus preparing the ground 
fa the reception of analogous views. 

In 1846 the veteran geologist H. J. d'Omalioa d'Ealloy pub- 
tihed in an excellent though short paper (* Bulletins de I'Acad. Roy. 
BnixeUes,' torn. liii. p. 581), hia opinion that it is more probable 
fhat new ^wcies have boon produwd by descent with modification 
ihan that they have been separately created : the anthot first 
jnonnlgated this opinion in 1831. 

Professor Owen, in 1849 (' Nature of Limbs,' p. 86), wrote as 
Ibllows: — ""Vhe archetypal idea was manifested in the flesh under 
Averse such modifications, upon this planet, long prior to the 
niateace of those animal species that actoally exemplify it. To 
.what natural laws or secondary causes the orderly succession and 
jngreMon of snch organic phenomena may have been committed, 
fm, u yet, are ignotsnt" In his Address to the British Association, 
-|n 1868, be speaks <p. li.) of "the axiom of the continuous 
operation of creative power, or of the ordained becoming of living 
things." Farther on (p. xc), after referring to geographical distri- 
botion, he adds, "These phenomena shake our confidence in the 
oonclnsion that the Apleryx of New Zealand and the Red Grouse 
of England were distinct creations in and for those ialaniis reepec- 
tirdy. Alwayt, also, it may be well to bear in mind that by 
mud 'vtBtion' the nwlogist moans 'a process he knows 
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what.' " Hb amptities this idea by adding, tb&t when nich caaeo 
oa diat o{ the Bed Oronae are " enumerated by the xoologirt as 
eridence of diatinct creation at the bird in aad for grtch ialacdi, be 
chiefly expresses that he kuona not how the Bed GroQae came to 
be there, and there excliuively ; signiiyiikg also, by thia mode of 
ezpreasiug such ignoraoM, his belief that both the biid and tha 
iaiiuids owed their origin to a great first Cieative Canse." K wa 
interpret these aeutencea giTen ia the eamo Addreas, ona by ths 
other, it appdftrs that thia eminent phiioaopher felt in 1858 hi* con- 
fidence shaken that the Apteryx and the B«d Grouw fiiat appealed 
in their respective homea, " he knew not how," or by soma pioccM 
"he knew not whaL" 

This AddroEB was delivered after the papers, by Mr. Wallace and 
myaelf on the Origin of Species, presently to be referred to, had been 
read before the Linoean Society. When the Gist edition of this 
work was published, I waa so completely deceived, as wo:^ many 
others, by such eipreasions aa " the continuona operation of creative 
power," that 1 included Profeaaor Owen with other palffiontologista 
aa being Gnuly convinced of the itomulAbility of speciea; but it 
appears (' Anat of Vertebrates,' vol. iii, p. 79P) that thia was Ml 
my part a preposterous error. In the last edition of this work I 
iofeiTed, and the inference still seems to me perfectly just, bom a 
pasaage beginning with the words " no donbt the type-form," &o. 
(Ibid. vol. i. p. iixv,), that Professor Owen admitted that natural 
selection ma; have done something in the formation of new 
species; but this it app(;ars (Ibid. vol. iii. p. TS8) is inaccurate and 
without evidence. 1 also gave some extracts from a coireapondeace 
between Profeasor Owen and the Editor of the ' London Review,' 
from which it appeared manifest to the Editor aa well aa to myself, 
that Profeeaor Owen claimed to have promulgated the theory of 
natural selection before I bad done ao ; and I expressed my Bnrpriao 
and satis&ction at this announcement ; bnt as far as it is poeaiblo 
to ondeiatand certain recently published poasagea (Ibid, vol, iii, 
p. 798), 1 have either partially or wholly again fallen into 
It is consolatory to me that others find Profeaaor Owen's control 
(iai writings as difflcult to uoderetand and to reconcile 
other, as I do. As far aa the mero enunciation of the principtt 
natoral selection ia concerned, it ia quite immaterial whether or 
not Professor Owen preceded mo, for both of ua, as shown in this 
historical sketch, were long ago preceded by Dr. Weils and Mi. 
Matthews. 

M. laidore Geoffroy Saint Hiloire, in his Lectures delivered fai 
1&50 (of which a Biaaiai appeared in the 'Bevae et Mi^ be 
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ZooI[>g^' Jan. 1851), briefly gires hie retison for Iteliarmg that 
tpeoB,!! dmmct«ra " aont &x4a, pour cbaque esp^ tant qu'elle le 
perp^tne an miliea des roSmcB circonstitnces : Us se modiSent, h1 
Ih circooslances arabiantos Tvennent k ohanger." " En rfeiimS, 
fcbmvalion dea onimaDx saavages d^montro d<fjk la TariabiUt« 
UmilA dec espioeB. Les txpMencea ear lea aoimaox aauvagea 
dBTSUaa domestiqnee, et But lea aniicaui domcstiquea redereDOB 
■uivagE*, la d^OQtteat plus clBirement encore. Cea mSmei axp^ 
nenoM prouvent, de plus, que lea differences produit« penvent fitre 
da txdeur gattriqut." In Mb ' Hiat. Nat. GAi^ralo ' (torn, ii, p. 
430, 1859) be amplifies analc^os conclusions. 

From a circular lately issuod it appears that Dr. Freke, in 1861 
(■ Dublin Medical Press,' p. 322), propounded tho doctrine that all 
Ofganie beings have deecended Ihiia one primordiat form. Uis 
ponnds of belief and treatment of the Bubjoct are wholly diScrent 
from nitie ; but as Dr. Freke has now (1861) published hia Essay 
«& 'tlie Origin of Species by roeana of Organic Affinity,' the diffi- 
onlt ftttcmpi to give any idea of bis Tiewa would be superSnoue 
M mjptft. 

Hr. Herbert Spencer, in an Essay (originally published in the 
•Leader,' March 1852, and republiahed in his ' Essays ' in 1858), 
taa omtiastad tho thoories of the Creation and the Development 
«f orgioia beings with remarkabla aklH and force. Ho argues 
from tlw analogy of domestic productiona, from the changes which 
Ifae embryos of many spectea tmde^o, from the difficulty of dia- 
tiiigniahing species and varieties, and from the principle of general 
gndation, that species have been modified ; and he attributes the 
Uodifictd<»i to the change of circunatancea. The author (1855) 
kM Blao treated Psychology on the prindpla of the necessary 
aoqairemeol tS each mental power and capacity by gradation. 

In 1662 H. Naudin, a distinguiahed botanist, ej^piessly stated. 
In an admlmble paper on the Origin of Species (' lievne Eortlcole,' 
p. 102 ; since partly republished in the ' Nouvellea Arcbivea dn 
Hiujtun,' tcm. i. p. 171), bis belief that species are formed in 
fln asalogons manner aa Tarietlea are under cultivation ; and the 
Ifttter procesa be attribuCea to man's power of selection. But be 
iam not ahow how telootion acts under nature. Be believes, tike 
Dean Herbert, that spedes, when nascent, were more plostio than at 
preaent. He lays weight on what he calls the principle of finality, 
** pai«anoa mystlrienae, ind«termin£e ; fatalitiS poor lea una ; pour 
las Sriitra, Tolonld providentielle, dont Taction inceesante sur lea 
ttiea Tivants determine, k lontes les Spoques de I'exiBtence dn 
mondci, la (ixme, le Totume, et ta dorde de chacun d'eux, on laiaQn 
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cgt a caaiml phenomeDOU," or, as Sir John Herschel expresses it, 
"a natoral io contradistinction to a miraculous proceBs." 

The third Tolnme of the ' Journal of tlie Linnean Socioty ' con- 
tains papers, read July 1st, 1858, by Mr. Wallace and myseUi in 
wtucb, as stated in the introductory remarks to this volume, the 
theory of Natural Selection is promulgated by Mr. Wallace with 
admirable force aud cleameaa. 

Yon Baer, towards whom all eoologista feel so profotmd a respect, 
expreased about the year 1859 (see Pro£. Budolph Wagner, ' Zuolo- 
giBch-Anthropolc^Bcbe Untersuchungen,' 18G1, a. 61) his convic- 
tion, chiefly grounded on the laws of geographical distribution, 
that forms now perfectly distinct have deiiceaded from a single 
jttisnt-form. 

In June, 1859, Professor Hualey gave a lecture bofora the Royal 
Institution on the ' Persistent Typos of Animal life.' Beferriog lo 
■Dch caaea, he remarks, " It is difficult to comprehend the meaning 
of iQch facta as these, if we sappose that each species of animal 
■nd [dant, or each great type of organisation, was formed and 
pUoed upon the eurtace of the globe at long intciraU by a distiuct 
act of creative power; and it is well to recoUoct that such an 
BSMUoption is as unsupported hy tradition or revelation as it is 
oppcaed to the general analogy of uatnr& If, on the other hand, 
we Tiew ' Perastent Types ' in relation to that hypothesis which 
gopgouBi the species hving at any time to be the result of the 
gradual modification of pre-eiiaUng species — a hypothesis which, 
though nnpioven, and sadly damaged by some of its supporters, 
is yet ths only one to which physiology lends any ooontenance ; 
tbeir existence would seem to show that the amonnt of modification 
which living beings have undergone during geological time is but 
very small in relation to the whole series of changes which they 
have suffered." 

In December, 1859, Dr. Hooker published his ' Introdoction to 
the Australian Flora.' In the first part of this great work he admits 
the truth of the descent and modification of species, and supports 
this doctrine by many original observations. 

The first edition of this work was pablished on November 24th, 
1B59, and the second edition on January Tth, 1860. 
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INTRODUOTION. 

Vbbs <hi bowd U.M.S. ' Beagle,' aa Dsturaliat, I was much Btrcck 
with cenaiii facts in the distribution of tbo oi^anic bein^ Inliabit- 
tng South America, and in the geological relutionB of the present to 
the pait inhabitants of that contioont. These tacts, as will b« seen 
\a the latter chaplers of this volume, seemed to throw aome light 
on the origin of ipecies — that mystery of mysteries, as it has been 
called by one of our greatest philosophers. Od my return home, it 
occiured to me, in 1837, that somethiug might perhaps be made out 
OD tliis question bj patjentlj acmimukting and reficcting on all 
mrtaof facta which could possibly have any bearin;; on it. After 
fire yean' work 1 allowed myself to speculate on the subject, and 
drew up some short notes ; these I enlarged In 1844 into a sketch 
o( the cooclusioua, which then seemed Ui me probable : from thai 
period to the present day I have steadily pursued the same object. 
1 hope that 1 ma; be excused for entering on these personal details, 
aa 1 give them to show that I have not been hasty in coming to a 
decision. 

My work is now (1859) nearly finUh<?d; but as it will take me 
many more yean to complete it, and as my health is far from 
siron?, I have been virged to publish this Abstract I have more 
especially been induced to do this, as Mr. Wallace, who is now 
studying the natural history of the Malay archipelago, has arrived 
at almost exactly the same general cunclusious that 1 have on tho 
oii^Q of species. In 1858 he sent me a memoir on this subject, 
with a request that I would forward it to Sir Charles Ljell, who 
Mnt it to the Linnean Society, and it is publish<.'d in the third 
volume of the Joarnal of that Society. Bir C. Lyell and Dr. Hooker, 
who both knew of my work— the latter having read my sketch of 
18*4 — honoured me by thiukiug it advisabto to publish, with Mr. 
Wallace's excellent memoir, some brief extracts from my mana- 

"Thia Abstract, which I now publish, must necessarily be im- 
perfect. 1 cannot here give references and authontie« for my 
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several EtatemanU ; and I must tniBt to the reader reposmg Bome 
OoufidcDce in my accuracy. No doubt errors will have crept in, 
though I hope I have always been caotions in trusting to good 
ftuthorities alone. I can here give only the getieral conclusions at 
which 1 have arrived, with a few facts in illustration, but which, 
1 hope, in most cases will BufSce. No one can feel mare sensible 
than I do of the necessity of hereafter publishing in detail all the 
fiiatB, with referetices, on which my conclusions have been grounded ; 
and I hope in a future work to do this. For 1 am well awaro that 
•carcety a elus,\e point is discussed in this volume on which facts 
cannot bo adduced, often apparently leading to conclusions directly 
opposite to those at which I have arrived. A fair result can be 
obtained only by fully stating and balancing the (acta and argu- 
ments on both sides of each question ; and this is here impoasible. 

I much regret that want of spitce prevents my having the satis- 
faction of acknowledging the generous assistance which 1 have 
received from very many naturalists, some of them personally nn- 
kiiown to me. I cannot, however, let this opportunity pass without 
sipnasiDg my deep obligations M Pr. Bookfr, who, fur the last 
fifteen yeais, has aided me in every possible way by his large stores 
ti knowledge and bis excellent jud^enL 

In considering ibe Origin of Species, it is quite conceivable that 
■ naturalist, rejecting on the mntual affinities of oi^anic beings, 
on their embryological relations, their geogrnlihical distribution, 
geological succestiion, and other such facta, might come to the con- 
clusion that spedes had not been independently created, but bad 
descended, like varietiea, from other species. Nevertheless, sucb a 
oonelusion, even if well founded, would be unsii lis the lory, until it 
oonid be shown how the innuinerable species inhabiting this world 
have been modiHcd, so as to ncjaire that perfection of structiira 
and coadaptation which justly excites our admiration. Natuialiau 
continually refer to eitomal conditions, such as climate, food, Ac, 
IB the only possible cause of variatioa In one Umited sense, as 
we shall hereafter see, this may be true ; but it is pro|>osleroas to 
attribute to mere eiternal conditions, the struotiue, for instance, of 
the woodpecker, with its feet, tail, beak, and tongue, so admirably 
adapted to catch insecta under the bark of iroc^s. In the case of tba 
mistletoe, which draws its nourishment from certain Ireos, which 
has seeds that must be transported by uertain birds, and which haa 
flowen with separate sexes absolutely ro(|uiriDg the acency ot 
oertain insects to bring pollen from one flower to the other, it is 
equally preposterous to account for the stnic'ure of this jiarasite, 
vltb its relations to several distiDct organic U'ings, by the eifeciE 
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i exunud conditions, or of habit, (v of iho rolition or the plant 

t, therefore, of tho highest importsnce to gain a clear insight 

Iw means of modificaLion and (x«daptation. At the commence- 

it of my obserratiuDS it seemed to me probable that a careful 

y of domeGticated animals oad of ciiltirated plants would oS^r 

~ xt chance of making out this obscure pt)blcm. Nor have 

a disappointed ; in this and in all other perpleiing caaea 1 

V inf ariabi; found that our knoirledge, imperfect though it be, of 

iatioQ onder domeatication, aSbrdol the hest and safest due. I 

1 express my oonvictioi) of the high Taliie of snch 

, althoDgh they have been very commonly neglected by 

, From these considenliona, I shall devote llie first chapter of this 
" ' tct to YBriation under DomeaticalioD. We shall thus see that 
IB amount of hereditary modiQcation is at least possible ; and, 
■ oq^nally oi more important, we shall see how great is the 
nan in accumulating by his Selection sncoeesive sli^t 
1 irill then pass on to the variability of species in a 
LSturc ; but I shall, unfortunately, be compelled to treat 
ct far loo briefly, aa it can he treated properly only by 
a catalogues ol facts. We shall, however, be enabled to 
t drcumstonces are most favourable to variation. In 
r the Stm^le for Existence amongst all organic 
lioot the world, which inevitably follows from the 
d ratio of their increase, will be considered. This is 
teof Uaithus, applied to the whole animal and vegetable 
. At many more individuals of etu;h species are boru than 
aa pOMiUj BiiTvive; and as, consequently, there is a frequently 
M Cm r ip g straggle for eiistcnce, it follows that any being, if it vary 
however slightly in any msDuet proGtable to itself, under the coin- 
plos md BOmotimes varying conditions of life, will have a bettor 
chance of aurviting, and thus be naluraRy leteclal. From tbo 
strong principle of inlieritancc, any selected variety will t«ud to 
propagate its new and modified form. 

This fundomcnlal subject of Natural Selection will be treated at 
some length in the fourth chapter; and we shall then see buiv 
Kaiuial Selection almost iueviutbly causes mucb Extinctiua of tho 
lev improved forms of lire, and leads to what I have called Diver- 
ptatx of Character. In the next chapter! shall discuss the corojilBx 
■od little known laws of variation. lit the five succeeding chapters, 
dw moat apparent and gmvcat difficulties in accepting the thixuy 
will b« givm : namely, first, the difficulties of transitions, m huw a 
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ample being or & simple organ can be chajiged uid perfected into 
a highly dfiTcloped being or into an elaborately constructed organ ; 
Beoondly, the subject of Instinct, or the meatal poweis of animals : 
tliirdly, Hybridism, or the infertility of species and the fertility of 
TBtieties when intercroescd ; and fourthly, tbe imperfection of the 
Geological Record. In the next chapter I shall consider tbe gea- 
logical succession of oi^nic beings throughout time ; in the tnelfth 
and thirteenth, their geographical distribution throughout space ; in 
the foorteeuth, their classification or mutual affinities, both when 
matnio and in an embryonic condition. In the lost chapter 1 shall 
give a brief recapitidation of the whole work, aod a feiv concluding 
remarks. 

No one ought to feel surprise at much remaining as yet un- 
explained in regard t* the origin of apeciea and varietits, if he make 
doc allowanoe for our profound ignorance in regard to tbe mutual 
relations of the many beings which live around us. Who can ex- 
plain why one species ranges widely and is very numerous, and 
why another allied species has a narrow range and is rare? Yet 
these reifltiona are of the higheat importanea, fur thoy dafsmiine tlw 
present welfare and, as I believe, the future success and modlGcation 
of every inhabitant of this world. Still less do we know of the 
mutnal relations of tbe innumerable Inhabitants of the world during 
the many i>ast geological epochs in its history. Although much 
remains obscure, and will long remMn obscure, I can entertain no 
doubt, after the most deliberate study and dispassionate judgment 
of which I am capable, thnt the view which most naturalists until 
recently entertained, and which I formerly entertained— namely, 
that each species has been independently created — is erroneous. 
I am fully convinced that species are not immutable ; but that 
Ibose belonging to what are called the some genera are lineal 
descendants of some other and genemliy extinct species, in the 
same maimer as tbe acknowledged varieties of any oue species aie 
the descendants of that species. Furthermore, I am ( 
that Natural Selection has been the most important, bat not 4 
eiclunve, means of modification. 
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CHAPTBB L 
Vahiatton DKiiER DoMBsncATion. 

hum of VarUbUilT -- ElT^cti of Habit ^d thu use or dkaw cf Parts — 
Comloted V»riilion — iDberiUoce — CWatter of DoniMtio Varietiei 
— Diffienlty of dutiogmshing between V»ri»tie» tad Sftcia — Origin 
of DomHtic Tmrietira from oae or more Specira — DoiDCstic Pigwini, 
thni [HS«nD« ud Origin — Princjplu of Selection, U]cientl]r fol- 
lowtd. their Effect* — Uethoilical and DacoDidoai Selection — Un- 
ksewi Origin of oBr Domfntic Prodactioni — Circanutanoea Cirour- 
■bli to Uan'i power of Selection. 

Causes 0/ Variabilily. 
Vbxk we compare the iDdividuals of the mxoe Tarietf or snb- 
I niielj of our older cultivated plants and oniniDla, one of the first 
BpriDta wUcli strikes ns is, that the; generally differ more from 
Vtteh other thaji do tbe individuals of any one species or variety in 
r-% itste of nature. And if we reflect on the Tost diversify of iho 
l|Unt« &nd animals which have been cult! Tit ted, and which have 
■ Mritd during all ages under the moat diSerent climates and treat- 
tf we an driven to conclude that this great variability is due 
lestio productions having been raided under conditions of 
b Bot K> nnifann as, and somewhat different from, those to which 
• pwant^pecies bad been exposed under nature. There is, also, 
ma pfobability in the view propounded by Andrew Knight, that 
r IhU variability may be partly connected 'nith oicess of food. It 
■ clear tiiat organic beings must be exposed during several 
pnerationa to new coodilions to cause any great amount of varia- 
tion i and that, when the organisation has once begun to vary, it 
gOokUy eoiktinues varying for many generations. No case is oc 
raoord ot a variable organism ceasing to vary under cultivation. 
Our oldest cultivated pknta, such as wheat, still yield new varie- 
tiea; our oldest domesticated nHimnla are still capable of rapid 
impravenieat or modi Scat iuu. 

Aa &r u 1 am able to juilge, aft«r long attendiug to the subject, 
the conditions of life appear lo act in two ways, — directly on the 
whole organisation or on certain ports alone, and ludirectly by 
affecting the reproductive system. With respect to the direct 
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actioQ, we naiei beai in mmd that in everj case, as Proressor 
Weiemami has lately ioeisted, and ae I have iacidectally ehowo iii 
a J work on 'Variation under DomeslicalioQ," there are two 
f^tora : namely, the oature of the organism, and the nature of the 
condlCionB. The former Beems to be much the mare important ; 
for nearly similar variations sometimes arise tmder, as far as we 
can judge, dissimilar conditions ; aiwl, on the other band, disumlhtr 
variations arise under conditions which appear to be nearly unifonu. 
The eQ'ects on the ofiEpring are either defioite or indeGnito. They 
may be considered as definite when all or nearly all the offspring of 
hidividuals exposed to certain conditions during several genecatioDS 
aro modified in the same maimer. It is extremely difficult to come 
10 any conclusion in regard to the extent of the changes which have 
been thus definitely induced. There can, however, be little doubt 
about many slight changes, — such as size from the amonnt of food, 
colour from the nature of the food, thickness of the skin and hair 
&oni climate. Sax Each of the endless variations which we see in 
the plumage of our fowls must have had some clficient cause ; and 
if the Bame cnuM wen? to act wniformly during a long seriw of 
generations on many individuals, all probably would be modified tn 
the same manner. Such facts as the complex and extntordinary 
out-growths which invariably follow from the insertion of a minute 
drop of poison by a gall-producing insect, show us what singular 
modifications might result in the case of plants from a chemical 
change in the nature of the sap. 

Indefinite variabiUty is a much more common result of changed 
conditions than definite variability, and has probiibly played a more 
imporiiaQt part in the formation of our domestic races. We see 
indefinite variability in the endless alight peculiarities which dis- 
tinguish the individuals of the same species, and which cannot be 
accounted for by inheritance from either parent or from some morfl 
remote ancestor. Even Btrongly-morked differencoa occasionally 
appear in the young of the same litter, and in seedlings from the 
same seed-capsule. At long intervals of time, out of milUons ol 
individuals reared in the same country and fud on n^^arly the same 
food, deviations of structure so strongly pronounced as to deserve 
to be called monstrosities arise ; but monstrosities cannot be 
separated by any distinct line from slii^hter variations. All such 
changes of structure, whether extremely slight or strongly marked, 
which appear amongst many individuals living together, may be 
OCnsidered as the indefinite effects of the conditions of life on each 
individual orgnmsm, in nearly the same manner as a chill nJTects 
diOerent men in an indefinite manner, according to their state 
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r oonstitutioD, causing coughs or colds, rheumation, or 
ions of vuioua orgaiiB. 

sped to what I have called the indirect action of changed 
ODnditioaa, oamelj, throng tho reproductive gystcm bciug nffected, 
we nuf infer that vatiability \a thus indQced, partly from the fact 
of thl* i^stem being extrcmelj' sensitive to auj' change in the con- 
ditioni, and partly from the sinularity, as Kijireuter and othcn 
bftve remarked, between the variability which foUotTs from the 
aoaaing of distinct species, and that which may be observed with 
plants and animals when reared under new or nnnntur&l conditions. 
_ Jboy facta clearly show how eminently susceptible the reproduc- 
' t system is t« very alight changes in the suiroiindiiig conditions. 
ire easy than to tntiie on sntmal, and few things moru 
Scult than to get it to breed freely under confinement, even when 
9 and female unite. How many animals there are which 
11 not breed, though kept in an idmoat free stAt« in their native 
intry J Tliis is generally, but errtmcoualy, attributed to vitiated 
IfnrtiDCta. Many cultivated plants display the utmost vigour, and 
ft tvely or never aced I In some few cases it has bceu discovered 
t KTery trifling change, such as a little more or less water at 
m partioalar period of growth, will determine whether or not a 
t will pxiduce seeds. 1 (annot here give tho details which 
X have ooUected and elsewhere published on this curious subject; 
bat to show how singular tho laws are which determiuo the repro- 
duction of animals under confinement, 1 may mention that car- 
tUToroDB animals, even from the tropics, breed in this country 
pc«tty freely under confinecaeint, with the exception of the planti- 
grades or bear &mily, which soldora produce yoang ; whereas 
canuToroas birds, with the rarest eiceptions, hardly ever lay fertile 
eg^ Uany eiotio plants have pollen utlorly worthless, in the 
■Bine condition as in the most sterile hybrids. When, on the one 
hand, we see domesticated ommals and plants, though often weak 
knd sickly, breeding freely under confinement; and when, on the 
Other hand, we see Individuals, though taken young from a state of 
natnre jjerfectly tamed, long-lived and healthy (of which I could 
^ve numerous instances), yet having their reproductive Eystcm bo 
wrioualy aSacted by nnperceivod causes as to Call to act, we need 
not be surprised at this system, when it does act imder confinement, 
■cling inegularly, and producing offspring somewhat unlike their 
|»r«nta. I may add, that as some orgauisnia breed freely under 
-. the moat annaiural conditions (for instance, rabbits and ferrets kept 
B hutches), showing that their reproductive organs are not easily 
~ ' I so will some animals and plants withstand domeeticatioa 
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or cultivation, and rary very alightly— perhaps hardly more than in 
a state of oature. 

Some Daturalists haTe maintained that all TariationB are con- 
nected with the act of Bcxual reproduction ; but this ia certainly 
an error ; for I have given in auoUier work a long liat of "eporling 
planta," as thej are called by gnrdeners; — that is, of plants which 
DBve Boddenly producol a single bud with a new and aometimei 
widely diHerent character from that of the other buds on the same 
planL These bud variations, as tbey may be named, can be pro- 
pagated by grade, offsets, 4c., and sometimes by seed. They occur 
isrely under nature, hut are lor from rois under culture. As a 
siu};le hod out of the many thousauda, produced year after year oc 
the same tree under uniform conditions, has been known suddenly 
to BBsume a new cliaroctei ; and as buds on disiinot ireea, growing 
under different conditions, hare sometimes yielded nearly the same 
variety — for inalonce, buds on peach-trees producing nectarines, 
and buds on oommon roEes producing moss-roses — we clearly see 
that the nature of the cooditious is of subordinate importance in 
comparison with the nature of the orfjaniam in determining each 
particubr form of variaUon; — perhaps of not more importance than 
the nature of the spark, by which a mass of combustible matter is 
ignited, has in detormiidug the nature of the flames. 



Bffecti qf Babil and cf Oia Uie or Diiwe <^ Fartt; 
VariatUm ; InherUance. 

Changed habits produce an inherited effect, as in the period of the 
flowering of plaots when (nneported from one climate to auother. 
With animals the increased use or disuse of parts has had a more 
marked influence; thus 1 And In t)ie domestic duck that the bones 
of the wing weigh less (uid the bones of the teg more, in proportion 
to the whole skeleton, than do the same bones in the wild-duck; 
and this change may be safely attributed to the domestic duck 
flyiog much lees, and walking more, than its wild parents. The 
great and inherited development of Che udders in cows and goat« in 
conutiies where ihey are habitually milked, in comparison with 
these organs in other countries, is probably another instance of the 
effects of nse. Not one of our domestic animals can be named 
vrhich has not in some country droo[iing ears ; and the view which 
baa been snggesled that the drooping is due to the disuse of the 
muscles of the ear, from the animals being seldom much alarmMJ* 
stems probable. 

Many laws regulate Tariation, some few of which can be 
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Han, and vill herosfter be brjetly dlecustied. I will bei« only 

■llnde to what roaj be called correlated variation. Important 

~n the embryo or larva will probably entail changes in ihu 

e aniinaL In monstrosities, the correlationa between quite 

t puts are very cnriousi and many instances bto given in 

« Ceoffroy St. Hilaire's great work on this subjoct. Broedcrs 

t that long limbs are almost always acoampanicd by an 

^tad haad. Some instances of correlatioD are quite whimiical : 

a which are entirely white and have blue eyes are genetnlly 

if; bat it has been lately stated by Mr. I'oit that this to coniiDed 

D the males. Colour and constitutional peculiarities go togetlier, 

f which many remarkable cases could be pven amongst animabi 

i plaDta. From facta colleol«d by Ueusinger, it appenn (hat 

white aheep and pigs are injured by ctrtaln plants, wiiilst dark- 

Krioored indiTiduals escape; Professor Wyman has recently com- 

Btmkated to me a good illustration of iLis fact; on asking some 

r fannen in Tirginia bow it was that all their pigs were block, Ihc; 

I Infonnied him that the pigs ate the paint-root (LAcbcianthet), 

[ Dtifib wbared tbeir booes piuli, ud which cBUKd the hoofs of all 

t the Uack varieties to drop off; and one of the "ctsckers" 

■ (•.a. Tirgiaia aqnatU-rs) added, "we select the black members of a 

■,litt«r lor raisiDg, as the; alone have a good chance of living." Hair^ 

I have imperfect teeth : lon^-baired and coarae-hairetl 

n apt to have, as is asserted, long or many horns ; [ngeons 

Vwitit faathered feet have skin between their onter toes ; pigeoDu 

■Vitli alMCt bMka have small feet, and those with long beak* large 

" " nuui goes on selecting, and thos augmenting, any 

/, he will alinaet certainly modify unintentionally other 

pvto of the atrncture, owing to the mysterimis laws of correlation. 

The reaolta of the varioua, nukaonn, or but dimly nndentood 
bws afTaiiatioD are infinitely complex and diveniUcd. It is well 
K WKth while caiefiilly to study the several treatines on some ot 
t oU caltivat«d plants, as on the hyacinth, potato, even the 
dahlia, &c.; Bad it is really snrpriaiiig to note the aidlem points of 
ttncttin and constitution in which the rarietiea and tob-varietica 
iiOet ali^tl; from each other. The whole organisation seems to 
ban heoome plaaac^ and defwta in a slight degree from that ot the 
(vmallTP*, 

Aaqr variation which is not inherited is nnimpwtant fiir va. 
Bat the mmbcr and divinity of inbenlabte deviatioos of stiuctnrs, 
btlkllMntrfdight and ttioaa of cODBderable physiological impor- 
tMM^ Ma "^'*— Dr. Pra^NT Ltxa^s tn^tiae, in two laitfe 
*Bl■■■^ ia tba faUst and the beat on this sobject. Ko btteia 
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donbtii how strong in the tendcncf to inlieritauce ; that like pro- 
dticea like is tie fundamental belief: doubts hare been tbrown on 
tbia principle only by theoretical writers. When any deviation of 
structure often Appears, and we see it in the father and child, we 
cannot lell whether it may not be duo to the aiune cause having 
acted oD both; but when amtrngst individualB, appnreotly exposed 
to tLe Sams conditions, any very rare deviation, due to some 
extraordinary combination of circamstances, appears in the parent 
— say, once amon^t several million individnals — and it tEappeais 
in the child, the mere doctrine of chances almost compels us to 
attribute ita reappearance to inheritance. Every one cnust have 
heard of coses of albiuisro, prickly akin, baiiy bodies, &o., appearing 
in several members of the same family. If strange and rare 
deviations of structure are really inherited, less strange and com- 
iDoner deviations may be freely admitted to be inheritable. 
Perhaps the correct way of viewing the whole subject would be, to 
look at the inheritance of every character whatever as the rule, and 
nou-inhcntance as the anomaly. 

TLo Uwa ^oTomlng inbcritaDce are for the most part hdIcdowii. 
No one con say why the some peculiarity in difTereut individuals 
of the same species, or in different species, is sonictimcs inherited 
and sometimes not so; why the child often reverts in certain 
characters to ita grandfather or grandmother or more remote ances- 
tor; why a peculiarity is often transmitted from one ses to both 
sexes, or to one sex alone, more commonly but not cxclu^vely to 
the lihe sex. It if a fact of some importance to us, that ])eculiaritiog 
appeoriug in the mimics of our domestic breeds are often tninsmitted, 
either exclusively or in a much greater degree, to the males alone. 
A much more important rule, which I think nay be trusted, i» 
that, at whatever period of life a peculiarity first appears, it tends 
to re-appear in the offspring at a corresponding age, though some- 
timee earlier. la many coses this could not bo otherwise; thus 
the inherited peculiarities in the horns of cattle could appear only 
in the olTspring when nearly mature ; peculiarities in the silk- 
worm are luiown to appear at the corresponding caterpillar oi 
cocoon stage. But hereditary diseases and some other ^ts make 
me believe that the rule has a wider extension, and tlmt, when 
there ia no apparent reason why a peculiarity should appear at 
any particular age, yet that it does tend to apjx^ar in the oSEpring 
Dt the same period at which it first appeared in the parent. I 
believe this nile to be of the highest importance in explaining the 
laws of embryology. These remarks are of course confined to lie 
fint appearance of the peculiarity, and not to the primary cause 
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wbidi niBy luiva acted on the ovules or on the male element ; in 
neartf llie same maunor as the inoivased length of the boms in the 
t^phng (rom a short-homed oow bj a long-homed hall, tlioagh 
qipMring late in life, is clearly due to the mala element. 

Hftving alluded to the subject of Teversion, I ■may here refer to a 
statement often made by natnraliBta — namely, that c 
Tarietiea, when mn wild, gradually but invariablf revert in charac- 
ter to thai aboriginnt etockg. Henco it haa bi'en argued that no 
dedactioDS con be drawn from domestic races to species in a state of 
□atnre. I have in vain endeavoured to discover on what decisive 
beta the above statement bos so often and so boldly been made. 
Thara would be gteat difficulty in proving ita truth : wo may safely 
sonclude that very loaay of the most strongly marked domestic varie- 
tia* could not possibly live in a wild state. In manyiaseawedonot 
kunr what the aboriginal stock was, and so could not tell whothsr 
« not oeariy perfect reversion had ensued. It would be necessary, 
in Older to prevent the elTecLu of intercrossing, that ooly a single 
wicty ahould have been turned loose In ita new home. Neverthe- 
1 our vuieties certainly io occaBioimllj revert in Ktne of 
K cbarscten to ancestral forme, it seems to me not improbable 
t if we could succeed io naturalising, or were to cultivate, 
; many generations, the several races, for imitatice, of the 
B very poor soil (In which else, however, some effect 
i have to be attributeil to the d^nite action of the poor soil), 
bat thay would, to a lar^o extent, or even wholly, revert to the 
BWild Aboriginal slock. Whether or not the experiment wonid 
is not of great importance for our line of argument ; for by 
le experiment itself the conditions of life ate changed. If it could 
E kl ahown that our domestic varieties manifested a litrong tendency 
I 'to rwetsion, — that is, to lose their acquired characters, whilst kept 
□e conditions, and whilst kept in a considerable body, 
t that free intercrossing might check, by blending together, any 
I dight deviations in their structure, in SQch case, I grant that we 
eonld dedace nothing from domestio varieties in regard to apecieti. 
Bat there is not a shadow of evidence in favour of this view ; to 
MMct tlut we coold not breed our cart and race-horses, long and 
■hort-honied catlle, and poultry of varions breeds, and esculent 
wgotAble*, tor an uulimited number of generation-i, wonld be 
Oppowd to all experience. 
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Character of Domalic rartetiei: difficulty of dutiaguiafiaig 
bftuttn Varittia and SptcUi; origin of Ik/matio Varietia 
from one or mora Speeiei. 
When we look to the hereditary voneties or nces of ovrdomMdc 

(H ijmaU and plants, aod cotapue them with closely ftUied spedea, 
wegeoerHllf perceive in e*ch domestio race, sa already renuuked, 
less unifonnity of chuacter thuk in inie ipcciea. Domestia racea 
often hare a somewhat monstroDS character ; by which I mean, 
that, although Offering bom each other, and &om other Epecies o( 
the Bome genua, in eeverat trifting respect^ they often diOer in an 
extntno degree in some one part, both when compared one with 
another, and more especially when compared with the species under 
naiuro to which they ore nearest allied. With these exceptions 
(and with that of the perfect fertility of varieties whe3 croased, — a 
subject hereafter to be dificuased), domestic races of the same species 
differ from each other in the sama mannec as do the closely-allied 
species of the same genus in a state of nature, hut the difiereooes 
in moat eaaea an lew in degree. This iiiu£t be admitted u true, 
for the domestio races of many animals and plants have heen 
ranked by some competent judges as the descendanta of aborigi- 
nally distinct species, and by other competent judges as mere 
varieties. Jf any well marked distinction existed between a 
domestic nice and a species, this source of doubt would not so 
perpetually recur. It has often been stated that domestic races 
do not differ from each other in characters of generic value. It can 
be shown that this statement is not correct ; but naturalists differ 
much in deterroining what chantcterg are of generic value ; all 
such valuations being at present empirieaL When it is uptained 
now genera originate under nature, it will be seen that we have 
no right to expect often to find a generic amount of diOeience 
in our domesticated races. 

In attempting t« eEtimafe the amount of structural difference 
between allied domestic races, we are soon involved in doabt, 
from not knowing whether they ore descended from one or several 
parent species. This point, if it could be cleared up, would be 
interesting ; if, for instance, it conld be shown that the greyhound, 
bloodhound, terrier, spaniel, and bull-dog, which we ail know 
propSi^te their kind truly, wore the offspring of any single species, 
then such facts would have great weight in making us doubt about 
the immutability of the many closely allied natural sjiecies — for 
ioitanoe, of the many foxes — inhabiting diffi.'reut quarters of the 
mvld. I do not believe, as we shall presently see, that the whole 
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tsmml (rf' USataoe btirtea the mte^ tr^ECi ^ ibe 4c^ hM fao^ 
imdoced under djcaezt^o'ioa ; 1 beUrre ti&t & ezaU ^t cf tlw 
diflmaoe u dii« to cbsr teins desocsded &cen eUtisct s^mia. la 
tba «Ma of atrongLj But«d tkm tf a^w od^ i^iiMriminl 
!*a itosng >nteeih Att aD ■« 



» mj, cod HkMraE to witlMtMnd dnWM d 

domatkated jnodnctkna ; bet how aiald a laTap iiwiHj't iiaa, 
alien hfi fint tamH ui *'fcw"*i_ alMCi^ it avaJdwrBaBcnfidakc 
gmerahoW) uiJ whetiicr it woald cndim otliB' dinatcB? H^ 
tba Utile T«ri«biliij o( the us uid goo«v <* t^ ■nafl poacr d 
tndUMwe of aanndi bj tlie nradecr, or of aid liy tW "r-—— 
eamd, prevnUd their domertkatkn? 1 aanst doal* that it 
othflr inimah p^A riiilf. aqoal la a n iii^ p^' in g^^ AMMiticited 
[■odiictioDi, and belonging to eqiuUr divena c1hm« and eoaatne^ 
wen takoi from ■ MUe of lukiore, aod could be Bade to breed fat 
m aqnal nsmba o( gnxTations nndo' domenticiliBii, iIwt' vonld 
on aa avenge *a/7 ■* lai^l; u tb* lasetit tptam of our anting 
dcaneatioted intdnctians have nuied. 

In the caae of moat of oar ancientlT domeatkated animalii and 
plasti, it ia not poaaible to oome to anj definite oonelniaoD, wbelhv 
ih^ aia deaoeaded fitan ona or Beroial wild qedea. The ar^meiit 
mainly idied on bj tboeo who beliere tn the moltiple od^ of mr 
ihwimillii »Kw»nla ia, that we find in the moat ancient timee, tm tbe 
nwHunenta of Egfpt, and in the labe-habitatioos of Switzeriaod, 
nueh diverrity in the breeds; and that aome of thne ancient 
baada elotelr naemhie, or are even identical with, thoaeatiUeiitt- 
ia^ Bat this only throws far backwards tbe hiabwy of dTilieatioa, 
and ihowa that animiila were domeaticated at a ronoh eariier pedod 
than haa hitherto been Eopposed. The lake-inhalHtaata of SwH- 
Mriai^ cultivated acveral kinda of wheat and barley, the pea, the 
firppj tar oil, and flax; and thtj posaessed several domesticaled 
"'^■— '■ They oiso carried on oommerce with other natinnB. Ail 
thia deariy abows, aa Beer has remarked, that they bad at this 
miij age progreaaod considerably in ciTiliaalioD ; and this again 
tmpliaa a hmg continued pn^vioua periodof less advanced dviliaation, 
dsnng which the domesticated animals, kept by different tribes in 
difl<nntdtitiiet«,migbt have varied and given rise lodistinct races. 
Sinoa the diacovery of flint tools in (he superficial formations of 
many parte of the world, all geologists believe ttiat barbarian man 
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exiBted (tc Bu eDorniousI; remote periixl ; and wa know Ih&t at the 
present dnf there is hardly a tribe so barbarous, as not t« bavo 
domesticated at least the dog. 

The ortgia of most of our domeatio animals nill probHbly for 
ever remain vague. But I may bora atat^, tbat, looking to the 
domestic dogs of the whole world, I have, after a laborious collection 
ufall known facts, come to the conclusion that several wild species 
of Canids have been tamed, and that their blood, in some coses 
mingled together, flows in the veins of ow domestic breeds. In 
regard to sheep aad goats I can form no decided opinioQ. From 
facta communicated to me by Mr. Blyth, on the habits, voice, con- 
stitution, and strncture of the humped Indian cattle, it is almost 
certain that they are descended from a different aboriginal stock 
from our Eurupean cattle ; and some competent judges believe that 
these latter have had two or three wild progenitors, — whether ornot 
these desoive to be called species. This conclusion, as well as that 
of the specific distinction between the hnmped and common cattle, 
may, indeed, be looked upon as established by the admirable re- 
searcheB of Professor Eiitimeyer. With respect to horses, from 
reasons which I cannot here give, I nm doubtfully inclined to believe, 
in opposition to several authors, that all the races belong to the same 
species. Having kept nearly all the English breeds of the fowl 
alive, having bred and crossed them, and examined their skeletons, 
it appears to me almost certain that all are the descendants of the 
wild Indian fowl, Gallus baakiva ; and this ia the conclusion ol 
Mr. Blyth, and of others who have studied this bird in India. In 
r^ard to ducks and rabbits, some breeds of which differ ranch from 
each other, the evidence is clear that they are all descended 
from the common wild duck and rabbit. 

The doctrine of the origin of our several domestic races (rom 
several aboriginal stocks, has been carried to an absurd extreme by 
some authors. They believe that every race which breeds true, let 
the distiDCtive characters be over so slight, has had its wild proto- 
type. At this mte there must have existed at least a score of 
species of wild cattle, as many sheep, and scvoml goats, in Europe 
■lone, and several even witliiu Great Britain. One author believes 
that there formerly existed eleven wild species of sheep peculiar to 
Great Britain! Wliea we bear in mind that Britain has now not 
one peculiar mammjil, and France but few distinct from those of 
Germany, and bo with Hungary, Spain, &c., but that each of these 
Icin^doms posEepscs several peculiar breeds of cattle, sheep, &c., we 
must admit that many domestic breeds must have ori^nated in 
Eonipei for whence otherwise cooldtliey have been derived 7 SoitU 
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talntlU. Even in the case of tha breeds of the domestic dog throngh- 
out thie world, which I ndmit are descended from several wild «pe- 
om, it cannot be doubted that there has been an immcnae amount 
af inherited variatioa ; for who will bellevo that animals closely 
rosembling the Italian grefhoiind, the bloodhonnd, the bull-do~, 
pa^-4og, or Blenheim spaniel, S:e. — so unlike all wild CanidiF — 
evet existed in a stats of nntore? It lins often been looGelj Bald 
that all onr races of dog» have been produced by the crossing of a 
few aboriginal fipecies; but by orossiivg we can only get fonns in 
come d^Teo intermediate between their parents; and if we account 
kn our several domestic races by this process, we must admit the 
former existence of the most extreme forme, as the Italian grey- 
hound, bloodhound, bull-dog, &c., in the wild state. Uoreover, 
the pcnsibililyof making distinct mcea by crossing has been greatly 
exaggerated. Many cases are on rix»rd, showing that a race may 
be mo^fied by occasional crosses, if aided by the careful selection 
of tbe individuals which present the desired character; but to 
« intermedialB between two quite distinct races, would 
J difficult. Sir J. Sebright expressly experimented with this 
i, and failed. The ofTspring frum the first cross between two 
I breeds is toUrably and eometimea (aa I have found with 
Doe) qnite uniTonn in character, and everything seems simple 
; but when these moni^els are crossed one with another for 
1 generations, hardly two of tliem are alike, and then the 
nlty of the task becomes manifest. 

Brttdi o^lht Domestic Pigeon, fhtir Differencet and Origin. 

Believing that it is always best to stndy some special group. I 
hare, after deliberation, taken up domestic pigeons. I have kept 
•very breed which I could purchase or obtain, and have been most 
kiodly favoured with skins from several quarters of the world, more 
etpeciaMy by the Hon. W, Elliot fnam India, and by the Hon. C, 
Hurray from Persia. Many treatises in different langnsges have 
been published on pigeonB,and some of them are very important, 
aa bong of conriderable antiquity. I have associated with several 
•mineat fanders, and have been permitted to join two of the London 
Pigeon Clubs. I'hc diversity of the breeds is something astonishini;. 
Compare the En^zlish carrier and the sbort-^ed tumbler, and tee 
Uie wonderful dilTorence in their beaks, entailing correspondin; 
differences in their skulls. The carrier, more especially the male 
Urd, is also remarkable from the wonderful development of the 
nmimiilwt<"' skin about tbe head; and this is accomjianicd by 
gnUlj eloogated eyelids, very Ui^e external orifices to the Dostril^ 
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aod K wide gape of laoath. The Bbort-bced tumbler ht» k beak in 
outline AlmoBt like tbftt of » finch ; aod tbe common tiuablsr baa 
the lingnlar inherited haUt of tiyicg at a great height in a compact 
flock, and tumbling in the air bead over heeU. llie rant is a bird 
of great size, with long massive beak and Urge feeC ; some of tha 
Biil>-breeds of nmts have very long necks, others Tery long wings 
and tails, others nnsularly short tails. The barb is allied to the 
carrier, but, instead of a long beak, has a verj short and broad oaa. 
The pouter has a much clongalod body, wings, and 1^ ; and ita 
enormously developed crop, which it glories in indating may well 
exctle aatonisbment and even laughter. The tuibit baa a short and 
conical beak, with a line of reversed feather? down the breast ; and 
it has tbe habit of oontinually eipandiug, eli^^htly, the nppcr part of 
the <eeophagus. Tbe Jacobin has the featlii^rs so moch lenned 
along the back of the neck that tbey form a hood ; and it ha^ pn> 
portionally to its size, etongated wing and tail fe&then. ^w 
trumpeter and laugher, as their names express, utter a very difiamit 
ooo from the other breods. Tbe faulail has thirty or eren fbc^ 
tail-feathers, instead of tnelre or fourteen — the normal nnmbar in 
all the members of the great pigeon family : thetic fcatbars are kept 
cxpandod, and are carried so erect, that in good birds the head and 
taU touch: the i^-gland is quite aborted. Several other leM 
distinct breeds might be specified. 

In tha Bkeletona of the several breeds, (he development of the 
bones of the fiice in length and breadth aud curvature diCTera enor- 
mously. The ahape, as well as tha breadth and length of the ramus 
of tbe tower jaw, varies in a highly remarkable mannor. The 
caudal and sacral vertebras vary in number ; as does the number of 
the ribs, together with their relative breadth and the presence of 
proceAses. Tbe siKe and shape of the apertures in the sternum are 
highly variable ; so is the degree of divergence and rehtive sim of 
the two arms of the furcula. The proportional width of tha gape 
of mouth, the proportional length of tbe eyelids, of tbe orifice of 
the nostrils, of tbe tongue (not always in strict correlation with the 
lengtli of beak), the size of the crop and of the upper part of tbe 
ceaopbagus ; tbe development and abortion of the oil-gland ; the 
number of the primary wing and caudal fttathers; the relative 
length of the wing and tail to each other and to the body ; tbe 
relative length of the leg and foot ; the number of scutelhe on 
the toes, the development of skin between tbe toes, are all paints 
of structure which are variable, llie period at which the perfect 
plomage is aaquired varies, as does the stale of the down with which 
the uMtling birdf are ckitbed when hatched. The shape and aice 




■ ««a^afangiiHi (teds; tar U u kafOtOit tm m^m 
Um jw— t itciitk h«d» bj^theotHngafMjkMH'B^dK': 
hoa; ibr lawnn, covld a poets be fwlMu rf ly an^ng fe«o 
l—rfiMJMcaanf dn jmitat'tlacka poMMri tkedwMtoirtii 
■MtnoM oopf Tbe rappowd •bcnjnal Macfa vnil d haaa 
ban md-picMn^ thst u, tber ^^ bM hna4 <r wfllin^jr f(Kk « 
taaa. Bat t wid a C Urh, wiih in gBapi p fct d mii i t ftrita, criy 
Mv or Ikne Mba ipidcaaf rack-figBtBa ve kanra; and IkaM 
hm wit 107 of Uw dtmractat of tb« teaMtic Imad^ Hoim 4* 
Mi|ip)Md aborigiiul Btocki msK other rtiD cn( in tha u n iBlii t a 
whata the; ware origiitaUj domwticalod, and jtt tw ■nkliMni M 
erattbologuta ; aad this, considerii^ Uior nae, baUti, and moHk- 
abla chantcten, tectut iuiprobable ; et tliey mint baiv *?fnwT 
axtinct in Uie wild Mate. Bat binla breeding en pe ri rfcaa, aad 
(nod Bien, are unlUkd; to be «xleniii&a(ed ; and the conuMn ncfc- 
[Mgeoa, which baa the «ame habita with the Aaaxa6e farced*^ kac 
not bem eitecwiowed eren on taronl tt the ■nails BHtiib ialet^ 
or on the (harca of tbe Uediienaaeaik Henoe the aappoaed exUr- 
minntion of w maof ^eci«a haring nBdlar habita with the rock- 
pigeon »eenu a >ar7 nah asxamptiaa. Homw, ihs ■ereia! aboT»- 
oainod dumeaticated breeds have baea lnBM|«cted to all paits of ihc 
wsrid, and, tbacelora, Kiiae of them nut hxn been cairied back 
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13 DOMESTIC PIGEONS. [Cii*p. I. 

Rgain inW their native country ; but not one haa becomfi wild or 
feral, though iho dovecot-pigeun, which U the rock-pigeon in a very 
slightly altered attite, has become fenil in seyeral (ilacea. Agaia, 
tU recent experience ahowB that it is difllciilt lu get wild animals to 
breed freely nndcr domestication ; yet, on the hypothesis of the 
multiple origin of our pigeons, it must he assumed that at least 
KTon or eight epocies were so thoroughly domesticated in ancient 
times by balf-civilifled man, as lo be quiie prolific under cod- 
fiuemcnL 

An orgunient of great weight, and applicable in ssTcral other 
oases, is, that the above-specified breeds, ihough agreeing generally 
with the wild rook-pigeon in constitution, habite, voice, colouring, 
and in most jiarU of their Btructnre, yet are certainly highly abnor- 
mal in other parts; we may look in vain throngh the whole great 
fiunilf of Oolumbidm for a beak like that of the English carrier, or 
dtat of the short-faced tumbler, or barb ; for reversed feathers Like 
those of the Jikcobin ; for a crop like that of the pouter ; for tail- 
fttthers like those of the fontaiL Hence it must be assumed not 
onlj that half-cinliscd miui sQcceeded ia tboroughly doiiiealicatias 
teveral epMies, hut that he intentionally or by chance picked out 
extnordioorily abnormal species; and fnrther, that these very 
■pecies have since aU become extinct or unknown. So many strange 
contingencies are improbable In the highest degree. 

Some facts in regard to the colouring of pigeons well deserve 
sonsideration. The rock-pigeon is of a slaty-blue, with white loins; 
but the Indian sub-species, C. intermedia of Strickland, lias this 
pan bluish. The tail has a terminal dark bar, wiih ihe outer 
feathers externally edged at the base with white. The wings have 
two black bars. Some semi-domestic breeds, and some truly wild 
breeds, have, besides the two block bars, the wings chequered with 
black. These several marks do not occur together in any other 
specie* of the whole &mily. Now, in every one of the domestic 
breeds, taking thoroi^hly well-bred birds, all the above markg, even 
to the white edging of the outer tail-feathers, sometimes concur 
perfectly developed. Moreover, when birds belonging to two or 
more distinct breeds are crossed, none of which are blue or have 
«ny of the above-specified marks, the mongrel offspring are very 
ftpl suddenly to acquire these characters. To give ono inslance out of 
several which I have observed : — I crossed some white Eantails, which 
tiroed very true, with some black barbs — and it so happens that 
blue varieties of barbs are so rare that 1 never heard of an instance 
in England ; aad the mongrels were black, brown, and mottled. I 
Blao crossed a barb with a spot, which is a white bird witb a red 




ton heA nd spul on the fnreheBd,tUiJ ohich Dotorioastj- breeds reiy 

ttne ; the maogreto nere doslt}- and mottled. I thea crc«sed one of 

Cba BKmgnk tMrb-faauils with ft moB^rTel barb-spot, and they pro- 

dnofld A bird of w beaatirnl » blue colour, with the white loins, 

doohle U«ck wing-bar, ftsd barred tod white-edited toi!- fe«tbef«, as 

Ba7 wild nck-pigeoii ! We can ODdersIond these itclK. on thp 

1 ptinclple of reversion to ancestral chanurters, if all 

ic breeds on dewfended horn the rock-ingeon. But if 

« deny thi^ w« m<ut make one of tbe two following bighl; im- 

bable snppotitioiu. Either, first, that all the seversl ima^&ed 

mginal itodu were coloured and marked like the rock-pigeon, 

liBltlMNigh no other eiisting species is thus coloored and moiled, lo 

n each separate breed tbvre might be a tendener to revert to 

I lh« Tery mine coloara and markings. Or, secondly, that each 

1, even the purest, has *ithin a doien, or at most within a 

I weittK, of generations, been cros^ bj the rock-pigeon : 1 say within 

I k dooan or twenty generations, for no instance is known of CTt«sed 

uita reverting to an ancestor of forei^ blood, removed by a 

« Btunbar of gi-nerations. In a breed which hw been cm^ 

I only ODoe, the tendency to revert to aiiy character derived from 

a will naturally become le&t and les^, oa in each succeed- 

I kg generation there will be less of the foreifjin blood ; but when 

I there baa been no cross, and there is a tendency in the breed to 

a character which was lost durini: some former generation, 

I this tendency, for all that we can see to tbe contrary, may be 

I tnnimitted nndiminiahed Tor on indefinite number of generations. 

I These two distinct cases of reveraioa are often confounded together 

[ liy Uioee who have written on inheritance. 

Lastly, tbe hybrids or mongrels from between all the breeds of 
[ the pigeon ore perfectly fertile, as I can state from mj own obser- 
i, pnrpoeely made, on the most distinct breeds. Now.hardly 
see have been ascertained with certainty of hybrids from two 
f qnite distinct spedcs of animals being perfectly fertile. Some 
I sntboia believe that long-continued domestication eliminate this 
■trong tendency to sterility in species. From the history of the 
i &)g, and of some olber domestic animals, this conclusinn is pro- 
l lably qaite correct, if applied to species closely related to each 
I other. Bat to eitend it so far as to suppose that species, Hborid- 
1 Bally u distinct as carriers, lumblere, pouters, anil fanlails now are, 
■hould yield offspring perfectly fertile inter «, would be msh in tlie 



From these several reasons, namely, — the improbnbilKy of man 
liaviag formerly made seven ot eight supposed species of pipon* W 
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breed freely under domeBticatioa ; — tlieae 8npi>osed Bpecici being 
quite lanknown in a wild state, aud their not having become any- 
where feral i — Iheae Bpecies prenentmg certaia very abnormal oba- 
ructers, 88 compared with all othur ColumbidEe, though bo like the 
rock-pigeon In most respeota ; — the odsasional re-appearance of 
the blue colour and various bUck marks in all the breeds, both 
when kept pure and when crossed ; — and lastly, the moDgrel ofl- 
Epriag being perfectly fertile; — from these several reawns, tekeo 
together, we may safely cDDcliide that all our domestic breeds are 
duBcended from the rock-pigeou or Columbu liria with ita geogra- 
phical sub-species. 

lu fuvour of this view, I ma; add, firstly, that the wild C. livia 
has been found capable of domesticattoa in Europe and in India; 
atid that it agrees in habits and in agrcat mimberof points of struc- 
ture with all the domestic hreodn. Secondly, that, although an 
English carrier or a short-faced tumbler diifers immensely in certain 
charaoters from the rook-pigeon, yet that, by comparing the several 
sub-breeds of these two races, more especially those brought from 
distant countries, we can make, between them and the njck-pigeon, 
an almost perfect series ; to we can in some other cases, but not 
with all tlie breeds. Thirdly, those characters which are mainly dis- 
tinctive of each breed are in each eminently variable, for inatauce 
the wattle and length of beak of the carrier, the shortness of that 
of the tumbler, and the numlier of tail-feathers in the fanlAil ; and 
the explanation of this fact will be obvious when we treat of Seln;- 
tion. Foiulhly, pigeons have been watched and tended with the 
Qtuiost care, and loved by many people. They have been domesti- 
cated for thousands of yuars in several quarters of the world; the 
enrliest known record of pigeons is in the fifth Egyptian dynasty, 
about 3000 B.O., as was pointed out to me by Professor Lepsius; 
but Mr. Birch informs me that I'i^eons are given in a bill of fare in 
the previous dynasty. In the time of the Romans, as we bear from 
Pliny, immense prices were given for pigeons; "nay, they are come 
to this pass, that the; can reckon up their pedigree and race." 
Pigeons were much valued by Akber Khan in India, about the year 
IfiOO ; never less than 20,000 pigeons were taken with the court. 
"The monarchs of Iran aud Turan sent him some very rare birds;" 
and, continues the courtly hiitturian, " Ilis Majesty by oroaning the 
breeds, which method was tiever practised before, hss improved them 
astooisliiagly." About this same period the Dnteh were as eager 
about pigeons aa were the old Itomans. The paramuimt importance 
of tliesc considerations in cxphiiDing the immense amoont of vari- 
■tion which i^geona have undergone, will likewise be obvious when 
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ve tKM ot SelcctioD, 'We shall tlieii, aUo, eee how it is that the 
■erenl breeds so orton have a somewhat mooetroDB character. It 
il also a moat favourable circumatanco for the production of dis- 
dttot breeds, that male and female pigeons can he easily mated for 
Gfe; and thna different breeds can be kept together m the same 

I have disciuaed the probable ori^^in of domestic pigeons at some, 
I ftt quite iasnfficienC, length ; because when 1 first kept pigeons 
I uul watched the seyar&I kinds, wcil knowing how trulj they breed, 
■ I felt fully AS much difficulty in believing that since they bad been 
domesticated they had all proceeded from a common parent, as any 
wtmalist could in coming to a almilar xmoluaion in regard to the 
many species of finches, or other groups of birds, in nature. One 
dKomstuiCQ has struck me much ; namely, that nearly all the 
breeders of the varioot domestic animals and the cultivaiora ot 
I plants, with whom 1 have converEe<l, or whose treatisee I have read, 
I aie firmly convinoed that the several breeda to which each baa at- 
tended, are descended from so many aboriginally distinct species. 
Atlc, as 1 have asked, a celebrated rait^r of Hereford cattle, whether 
his cattle might not have descended from Long-homa, or both from 
K conuuon parent-stock, and ho will laugh you to scara. 1 have 
never met a pigeon, or poultry, or dock, or rabbit fancier, who was 
not (oily convinced that each main breed was descended from a dis- 
tinct species. Tan Mans, in his treatise on pears and a|)ples, shows 
how utterly he disbelieves that the seventl sorla, for instnnce a 
Bibslon-pippin or Codlin-apple, could ever have proceeded from the 
neds of the same tree. Innumerable other examples could be given, 
Tfao explanation, I think, is siraptc: from long-continued study 
they are atronglj impressed with the diSerences between the several 
tHCs; and though they well know that each race varies slightly, 
(or they win their prizes by selecting such alight differences, yet 
tbey ignore all general arguments, and refuse to snm np in their 
mind* alight differences accumulated during many succcaiive gene- 
IKtions. May not those naturalists who, knowing far less of the 
laws of inheritance than does the breeder, and knowing no more 
than he does of the intermediate links in the loug lines of descent, 
yet admit that many of our domestJc races are descended from the 
mme parents— may they not learn a lesson of caution, when they 
deride (he idea of species in a state of nature being lineal descendants 
of Other apecies? 
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Frifunpien of Sdeetion arieiently/oBowed, and their EjfecU. 
Let us DOW bricQy conaidsr tbe steps bj whicli domestic tooa 
bnve been produced, eillisr from oou or from several allied species. 
Soma effect maj be attributed to the direct and definite actiOD of 
the external conditions of life, and hhhb to habit; but be would bo 
a bald man who would account \iy such ^rcnclee foi the dlfierences 
between a dmj and race horec, a greyhound and bloodhound, a car* 
rier and tumbler pigeon. Que of the inost remarkable festurca in 
our domesticated races la that we see in them adaptation, not indeed 
to the Bnunal'fi or plant's own good, but to man's use or fancy. 
Some Tariations useful to him have probably arisen auddonly, or bj 
one step ; many botanists, for inslance, believe that tbe fuller's teasel, 
with its hooks, which cannot be rivalled by any mechanical con- 
trivance, is only a variety of the wild Dipsauus; and this amount 
ul' change may have suddenly arisen in a seedling. So it has pro- 
bably been with the turnspit dog; and tliia is known to have been 
tlie case with the ancon sheep. But when we compare the dray- 
horse aud race-horae, the dromedary and camel, the various breeda 
of sbeop fitted either for cultivated loud or mountain pasture, with 
the wool of one breed good for one purpose, and that of another 
breed for another purpose ; when we compare the many breeds of 
dogs, each good for man in different ways; when we compare the 
game-cock, so pertinacious in battle, with other breeds so little quar- 
lelsome, with " overlatiting layers" which never desire to ait, and 
with the bantam so umall and elegant ; when we compare the host 
of agricultural, culinary, orchard, and flower-garden races of plants, 
most useful loman at different seasons and for different purposes, or so 
beautiful in his eyes, we must, I think, look further than to mere 
Vftriabilily, We cannot auppose that all the breeds were auddenly 
jToduced aa perfect aud as useful as we now see them; indeed, in 
many coses, we know that this has not been their hititory. Tbe 
key is man's power of accumulative selection : nature gives succes- 
sivu variations; man odds them up In certain directions useful to 
bim. In this sense he may be said to have made for himself useful 

The great power of this principle of selection is not hypotheticaL 
It is certain that several of our eminent breeders have, even within 
a single lifetime, modified too lai^ extent their breeds of cattle and 
Bhoep. In order fully to realise what they have done, it ia almeet 
neccaaary to read several of the many treatises devoted to this sub- 
ject, and to inspect the animals. Breeders habitually speak of an 
animal's organisation as something plastic, which they con model 
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e ■gr'f"""" -'. Mi oaiy to Modify A* ifciiiilii vf Vm 
■tak, bat Id ckmg* it iliopdwr. It ii Ike wa^dmH wwi, fcr 
■iMN «( wUdt be iMjr wm w ndo lifc ■b«Uiu fccm vd naald 
haptnMB." LofdScntTTOKipMkJ^orwhrttnedcnhmvdaM 
farahacm hj«:— -Itwoold weem m it ibtj had eUixi not ■Bftn 



iAimmione ttrae ttmesat iatcmlitf tDcmdi^cBd Ae 
ib^Mcncfa ttmeDnAol ntd dused, n iliat tbe veij fant mj- 
■baaatdf be Mtoeted tor bneding. 

What &{^uh Imadaa bare •ctaallr effected n '^vrtA hj Utt 
•MfKOOi (neee prat for aninuls iritli m good pedipBe ; aial titMe 
hmm ^tt^ t^Ofted to kluuvt ererj qouttr of the Wiild. Tht 
lw||ynMHil it bf no nuau gmenUy dm to ooMiiig £flmBt 
hMidat oU the bnt bceedns ue Uxan^j cppoeed to due {notion 
tamfit K W M tiiD ei ukm^k doeelr allied cnb-bned*. And wben a 
onto iuM Iwaimade^ tbeekoen whctka ie brmon titdspamble 
•w ibaB in ordinaiy caaee. If aelcctiaa "-Tn*H tattij in aefA- 
Btiag asoM very dntinct nrietj, ai^ tnt^ng from it, tiie pnndpfe 
'■■■li b* H obrioiiB M haidlf to liawDRh nMicei bat ito impixt- 
nsaHMtt in the graat eSeet pfodnoed by the aeenmnla&on in 
iaa&aBliMi, dming nioocaiTegeaentiin*,ef diAKaoea sbaotatdr 
iwiHatiiiljle by an uiedacaled eye — diSerenoea whidi I tor one 
i»n Tiinlj attempted to ■ppreci»t& Hot one man in a tfaooaand 
re and jodgmeat snfficieiit to beocxne an enuDOit 
if ^ed with these qualities, and be Etodies hi* (abject 
■or jcaia, and devotcfl his lifeCtme to it wilh iDdomitable pene- 
Tcmio^ lie will niooeed, and may loake great improvemecita; if be 
wont* anj of then qoalilies, be will assuredly faiL Fen wo<ild 
n*dily beliere in the natural capacity and yean of practice lequisla 
Id bBGOine even a sitilfal pigeon-Cutcier, 

Hw tome priDciplea are fotlowed by horticiilturifts; but the Tari- 
■tiaaa an here oflen more abrupt. Ho one supposes that oar 
cboiCMt piwlnctiotia have been produced by a siDgle variation fntta 
Ite abcriginal atock. We bate proof] that this has not been so in 
MivnlcHM in which exact records have been kept; tbos, Uptea 



I 
I 



24 



METnOOICAt SEI-KCnOS. 



rCaAKS 



Terj trifli:^ iDitaoce, the steadily-increasing ii» of the common 
gooeebert? may be ijiiuted. Wo sue ui asloniBhlng iroprortimeot in 
many 6ort£ta' ilowers, when the flovrerB of the present day are com- 
pared with tirawiogs mode only twenty or thirty years ago. When 
ft race of plants is once pretty well established, the seed-raiscn do 
not pick out the best plants, but merely go over their wed-bed«, 
»nd pull up the "rognes," as they call the phuits that deviate 
&om the projwr staodard. With animals this kind of seleclion is. 
in fact, likewise followed; for hardly aoy one ia so careleaa as tu 
breed from his woist animals. 

In regard to plants, there is another means of obaervit^ the 
accumulatt'd effects of selection — namely, by comparing the diver- 
sity of Sowers in the different varieties of the same speciea in the 
Sower^rden ; the diveraity of leaves, pods, or tubers, or whatever 
port is valued, in the kitchen-garden, in comparison wilb the 
flowers of the same varieties ; and the divendty of fruit of the same 
species In the orchard, in comparison with the leaves and flowers 
of the same set of varieties. See how diiferent the leaves or the 
cabbage are, and how extremely alike tiie flowers ; how irolike the 
flowers o( the beartaease are, and bow alike the leaves; how much 
the fruit of the diflerent kinds of gooseberries differ in size, colour, 
shape, and hairiness, and yet the flowers present very slight diffe- 
rences. It is not that the varieties which differ largely in some one 
point do not diO'er at all in other points; this is hardly ever, — I 
speak after careful observation, — perhaps never, the case. The law 
of correlated variation, the importance of which should never be 
overlooked, will ensure some differences ; bn^ as a general rule, it 
cannot bo doubted that the continued selection of slight variations, 
either in the leaves, the flowers, or the fruit, will produce races dif- 
fering from each other chiefly in these characters. 

It may be objected that the priaciiile of selection has been 
reduced to methodical practice for scarcely more than three-quarters 
of a century ; it has certainly been more attended to of late years, 
and many treatises have been published on the subject; and the 
roatdt has been, in a corresponding degree, rapid and important. 
But it is very for from true that the principle is a modern discovery. 
I could give several reference* to works of high antiquity, in which 
the full importance of the principle is acknowledged. In rude and 
barbarous periods of English history choice auimals were cfien im- 
ported, and laws were passed to prevent their exportation: the 
destruction of horses under a certain size was ordered, and this m 
"rt^uing" 
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Exifieh ralM ■■« Ud 4obb br ho* of the rwi 
1 wTiten. Ftom piWigBt ia Cwm^ it ■ daw tiM (h* 



t ia Flin}'. The ht«bm in SoHtk Afria M«tcfa Ow 
It eOde I7 cnkm, w do ■»• «f Oe E 



d b^ tL« negraw ia tbe munnr of Aftka vhn k««* Bot iHod- 
^ fM with Esn^tMiM. Soma of tbcM beis do Mt ifcaw mCmI 

I. Imt thrj JwT Thii i>w Urriliiif iiT iliwmlii ■■■mil ■■■ 
oded U> in udnt timM, and ia naw sUomU to ^ 
» kw W M«e-^ Itwmld, indeed, han baa a MoUEB fact, fand 
~ ■ not b«Eo |aid to teeediag for the mhcnnan of pnd ad 
d qnalitMB it 10 obnooi. 



A<lhapnMnttiBw,aBineiit bnedcra try by metkodkal Kiectica, 
diatinot object in rtfw, to make a naw rtnin or ■ihlaml, 
r to BBTtbiiig o( the kind in die ooobHt. Bu, fa ov fn- 
t, K fam «f SdectioD, which may be called Une 
B ttyiag to F 

ffun ""ffflftant Tl^a^ 1 

!■ ka^ii^ pjitiUn nanually tika to get io good degt la be 

I, tad aAwwatda breed* beat hk own beat do^ bnt babaa no 

w a ap ee tati en of pennuwotly altering tba beeed. Kev«ttb»> 

m may inler that tbie rroww, c wwtina ad dnnag i>jtuiii% 

^VooU improTe and modiiy any bmi, 10 tfaa mmm wmf m BbI»> 

f^ril,Collina.ftc^by tbisToynme pwnaa, ealy <anied «■ men 

I Betbadkally, did greatly modify, e*^ daring tbeir HfctJMe^ Iba 

fane and qualities ot their catdak Sknr and iuBNUe chinffa U 

ttia kiod on aewtr be raoogtiiied imkaa actual imaihiiauUiH a 

lamriil iTnaiin.li iirrlm limiliiiiiniailiiai have been made long agp^ 

•MA may tarwe for eam|«riaaB. In aoaia eaaca, biwnn; an- 

Aanged, «r bat little diaaged mdrridnala c{ the wow bead exiat 

te hm eiriliaed diatiieta, when tba bt«ed ha* bets 1^ im|aQ>t«d. 

nwre H naaon to beliere that Kii^ Charlei'a ^Mtiial baa beat an- 

•onacionuly modiSfd to a lar^ extent aioce the tiineof thatBMaaicb. 

Boaoe highly oompetent aathoritk* are aanTinoed that the mMtiia 

directly derived fiom the ipanttl, and bu prolsbly heea iloviy 

abend from it. It it koowit that the Ecgliah pointer ba« beea 

gicatly dianged within the last oentorj, and m thii caae the chaaga 

fall, ft kbelieTad, been chiefly eflectad byocaaMwith theliiboaadt 




Tmt what concerns us is, that the change has heen effected oncoQ- 
■ciously aud gradually, and yet so cIToctiiulIy, that, though the old 
8{Aiush pointer certainly came from Spain, Mr. Borrow baa not seen, 
u I am informed by Mm, acy native do<! in Spaia like onr pointar. 

By a similar proceaa of selection, and by careful training, English 
racehorses have come to surpnas in fle^tneas and size the parmc 
Aiaba, so that the latter, by the regnlations for the Goodwood Kacee, 
ere favoured in tbe weights which they carry. Lord Spencer and 
others haTe shown how the cattle of England have increased in 
weight and in early maturity, compared with tbe stock formerly 
kept la this country. By comparing the accounts given in variooa 
old treatises of the former and present state of carrier and tumbler 
pigeons in Britain, India, and Persia, we can trace the stages througli 
which they have Insensibly paiised, and come to difler so greftUy 
from the rock-pigeon. 

Tauatt gives an excellent illustration of the efibcts of a course of 
■election, which mity be considered as unconscious, in so far that the 
breeders could never have expected, or even wished, to produce 
the result which ensued— namely, the production of two liistinct 
strains. The two flocks of Leicester sheep kept by Mr. Buckley 
and Mr, Burgess, as Mr, Youatt remarks, " hove been purely bred 
from the original stock of Mr. Bakewell for upwards of fifty yean. 
There is not n suspicion existing in tbe mind of any one at all 
acquainted with the subject, that the owner of either of them has 
deviated in any one instance from the pure blood of Mr. Bakewella 
flock, and yet the difference between the eheej> possessed by these 
iwo gentlemen is so great that tliey have tbe apjjeorance of being 
quite different varieties." 

If there exist savages so barbarous as never to think of the inherited 
chAtacler of the oC&pring of tbeii domestic animals, yet any one 
animal particularly useful to them, fur any sjiecial purpose, would 
be carerully preserved during (amines and other accidents, to which 
•avage! are so liable, and such choice animals would thus generally 
leave mure offspring than the inferior ones ; so that in this case 
there would be a kind of unconscious selection going on. We se« 
the value set on animals even by the barbarians of Tierra del Fnego, 
by their kUling and devouring their old women, in times of dearth, 
ill of less value than their dogs. 

In plants the same gradual process of improvement, through the 
occasional preservation of tbe best individuals, whether or not 
sufficiently distinct to be ranked at their Crst appearance as distinct 
varieties, aud whether or not two or more species or races have 
bucome blended together by crossing, may plainly be recogi^isal in 
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the increued aae tad beaT:tT wbSch we dcv 
the heartseaae, roae, pejiirgnnTcn, r.ir.lia, azid ether j^it^ti, 
oompared with the older Tihetks or whji ^bcj jmrtzAsux^ Xo 
ooe wooid ever expect to ^ ft fint-me bearaeaae cr ci/iria from 
the seed of a wild pant. Xo coe wccid expect to nise a fizst-nar 
w»<*>fa»g pear £rom the aeed ci tlie wOd pev, thcc^ be miEiifc 
rocoecd from a poor seedllnz crowu^ wi^ ^ ii bad oxae Jran a 
garden-stock. The pear, thoczh crLltivised zn rtrfr^ tane^ 
i^pean, from Fliny s descripdon, to bare been a frdi cf toj 
inJJBnor quality. I hare seen great scrjcise cxjraBod in boni- 
cnltmal woiks at the wc^^derfii skill of gardeaers. zl barinz pro- 
dnoed inch splendid resclts from sidi pcc-r CAxeTi&ls : ta ibe art 
has been simile, and, as £u- as the fii^ re^t is caaoaz^ bia 
been followed almost mioonsciocslT. It has cfxssud in alwars 
cultivating the best known rarietj, sowing its seeds, azad, vben a 
slightly better Tarietj chancfd to appear, sekciinz it, szMi so od- 
waidk But the gardenert of the classical penod, wbo ccltrrated 
the best pean which tbej could proccre, nerer tlicc^t wtoc 
splendid fruit we should eat ; thon^ we owe ocr exoeijent frzit^ 
in some small degree, to their baring catoalij chosen and ^uaied 
the best rarieties they could anywhere find. 

A large amoont of change, tbns dowly and tajeocacaocdy ae> 
comnlated, explains, as I beiiere, the weH-known fati, dal in A 
number of cases we cannot recognise, and tbereibie do not know, 
the wild parent-stocks of the plants wbidi bare been loosest colli- 
Tated in our flower and kitchen gardens^ If it bas taken oentcxici 
or thousands of years to improre or modify mcst of ocr p4sz.ts T:p to 
thdr present standard of usefalnesi to man, we cm mkdecEtaad bov 
it is that neither Australia, the Gape of Good Hope, nor any other 
region inhabited by quite undrilised man, bas afforded us a sing^ 
plant worth culture. It is not that these oomttries, so rich in species, 
do not by a strange chance possess the abcrizinal stocks of any use- 
ful plants, but that the native plants bare not been improred by 
continued selection up to a standard of perfection compiarsble with 
that acquired by the plants in countries anciently cirilisod. 

In regard to the domestic animals kept by undriliied man, it 
should not be overlooked that they almost always bare to strugi^ 
lor their own food, at least during certain seasons And in two 
countries very differently circumstaneed, individaals cf the aune 
species, having slightly different constitutions cr stracttkre, would 
often succeed better in the one country than in the other ; az<d tbni 
by a process of " natural selection,** as will hereafter be Cjor<& fdDy 
explained^ two sab-bceeds might be fooned. This, perhaps, F^ftJf 
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expliUQS why tho TirlctieB kept by savnges, as lisa been remarked 
by some authors, have more of the oharaclcr uf tiue sjx.'ciea than the 
TuieCics kept in civilued countrieB. 

On the view hero given of the imporlaut part which selection by 
man ha9 played, it becomes at once obviuiu, how it is that our 
domestic races show adaptation in iheir HTTUCture or in their habile 
to man's wants or faaciea. We can, I think, further nnderstand the 
frequently abnormal chaiacter of our dotnt»tic races, and likewise 
tbeii difiereticoa being no great in external charact<.-rB, and relatively 
•0 slight in interDal porta or ot^ns. &bn can barillj select, or 
only with much difficulty, any deviaiion of atructnro eiceptiog snoh 
as is oxtemally visible ; and indeed he rarely caroB for what ia 
internal. Ho can never act by sokclioo, eicepting on variations 
which are Grat given to him in some slight de^Tee by nature. No 
man would ever try to make a fanlail till be saw a pigeon with 
a tail developed in some alight degree in an unusual manner, or a 
pouter till ha saw a pigeon with n crop of somewhat unusual siie; 
and the more abnormal or unusual any character was when it Brst 
apiieored, Iho mure likely it would be to caich bis aiteotiOD. But 
to use such nil expression as trying to make a fantail, ie, I have no 
doubt, in most cases, utterly incorrect. The man who first selected 
a pigeon with a alightly larger tail, never dreamed what the descend- 
ants of that pigeon would become through long-continued, partly 
imconscious and partly methodical, selection. Perhaps the parent- 
biidofalirantailshridonl; fourteen tall- fentli era somewhat expanded, 
like the present Java fantail, or like individuals of other and distinct 
breeds, in which aa many as seventeen tail-feathers have been 
counted. Ferliaps the first pouter-pigeon did not inflate its crop 
much moto than the turbit now docs the upper part of its ceso. 
phagns, — a habit which is diiirfgarded by all fanciers, as it is not 
one of the points of the breed. 

Nor let it be thought that some great deviation of structure 
would be necessary to catch the fancier's eye : he perceives ex- 
tremely amstl differences, and it is in human nature to value any 
novelty, however alight. In one's own possession. Nor must tho 
value which would formerly have been set on any slight differences 
in the individuala of the same species, be judged ofby the value 
which is now set on them, after seveml breeds have fairly been 
ealahliahed. It Is known that with pigeons many slight variations 
now occasionally appear, but these are rejected as faults or devia- 
tions from the standard of perfection in each breed. The common 
gocee has not given rise to any markuii varieties ; hence the Ton- 
louso and the oommon breed, which differ only in colour, that moat 
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Eo Mm't Pomr tf SfleOtM, 
I win now Mf a few nordi oa the circumstuicea, bTonimbie, cr 
I tiia ravna^ to man'* poner of sekcliotL A high da^jta of Tsri- 
r ability ia <;^)noiul7 fftvonrable, ■• freely giving tbe materiala far 
1 to work OD ; Dot that mere iudlTidiud diffeftneea an not 
I tBtjAj aoffideDl, with eilieme eve, to allow of the accomnlalia 
tf a lai^ amoont of modiScation in almost mnf dcaireil diieetuii. 
Bnt aa variationa manife^Llf osefol or plcaang to man *pfeaM 
onlf oocaaioDalljr, the chance of their appearance will be mocb 
increeaad by a lar^ number of indlTiduala being kept. HeiKe, 
tHunbfT it of the highect importance fof sucocb. On this principle 
Harahall formerly remarked, with mpect to the ahwp of parla of 
Yorkshire, " ai thej generally belong to poor people, and are moeUj 
M ttnoB toU, ihej never can be improved.* On the other band, 
nnrwrjmen, bata keeping lar^e slocks of the »»me plant, are gener- 
ally br iiioi« sacceMful than amateuis in raisng new and vaJnaUe 
A lai^ number of individQal* of an animal or plant can 
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be re«r«d oatj wbera the cooditjoiie for its prop»^tio[i are faroci^ 
able. Wben tho mdividuuls are Bcant;, all will be allowed to brenl, 
whatever their qualitj may be, and this will eCTectually prevent 
Belection. But probably the most important element is that the 
animal or plant shontd be ao highly valued by man, that the cloeeat 
attention is [«id to even the ali^hteat deviations in its q^itiei or 
■tincture. Unleas such attention be paid noihiDg can be effected. 
1 have seen it grarely reniarkad, that it wa« moat fortunate that 
the atrawberry began to vary just when ^rdeners began to attuid 
to this plant. No doubt the alrawbeny hod always varied ainc« 
it was cultivated, but the slight vanoties had been neglected. As 
Hon, however, as gardeners picked out individnal plants with 
aligbtly larger, earlier, or better fniit, and raised seedlings from 
them, and again picked out the best seedlings and bred from them, 
then (with Mime aid by crossing distinct species) those many 
admirable varieties of the strawberry were raised which have ap- 
peared during the last half-cf^t^tury. 

With animals, facility in preventing crosses is an itnpcrtant 
element in the fannatioQ of new races,— -at lenst, in a eountrr 
which is already stocked with other races. In this respect en- 
closure of the land plays a part. Wandering savi^e* or the in- 
babitanta of o^ien plains mrely possess more than one breed of the 
same species. Pigeons con be mated for life, and Ibis is a great 
convenience to the fancier, for thus many races may be improved 
and kppt true, though mingled in the same aviary ; and this cir- 
cnmstance must have lai^ely lavonmi the formation of new breeds. 
Pigeons, 1 may add, can be propagated in great numbers and at a 
very quick rat«, and inferior birds may be freely rejected, as when 
killed they serve for food. On the other hand, cats, from their 
nocturnal ramblii^; habits, cannot be easily matched, and, although 
80 much valued by women and children, we rarely see a distinct 
breed long kept up ; such breeds as we do sometimes see are almiict 
always imported from some other country. Although I do not 
doubt that some domestic aninmls vary less than others, yet the 
rarity or absence of distinct breeds of the cat, the donkey, peacock, 
goose, &c, may be attributed in main part to selection not having 
been brought into play : in cats, from the difficulty in pairing them ; 
in donkeys, from only a few being kegit by poor people, and little 
attention pud to their breeding; for recently in certain parts of 
Spain and of the United States this animal bos been surprisingly 
mod:6ed and improved by careful selection : in ^leacocks, from not 
being very easily retired and a large stock not kej't: iu geese, from 
being valoabte only for two purposes, food and featbera, and mora 
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fncreased me or disiue of parts. The final result is thus rendered 
infinitely complex. In some cases the intercrossing of aboriginallj 
distinct species appears to have played an important part in the 
origin of oar breeds. When several breeds have onoe been formed 
in any country, their occasional intercrossing, with the aid of selec- 
tion, has, no doubt, largely aided in the formation of new sub- 
breeds ; but the importance of crossing has been much exaggerated, 
both in regard to animals and to those plants which are pro- 
pagated by seed. With plants which are temporarily propagated 
by cutting buds, Ac, the importance of crossing is immense ; for 
the cultivator may here disr^;ard the extreme variability both of 
hybrids and of mongrels, and the sterility of hybrids ; but plants 
not propagated by seed are of little importance to us, for their 
endurance u only temporary. Over all these causes of Change, the 
accumulative action of Sdection, whether applied methodically and 
quickly, or unconsciously and slowly but more efficiently, seems to 
have been the predominant Power. 
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Bach di^Qnoij aai 

fenerm ia each camaxrr 

smaller fenerm — Haaj ef t^ 

raneties ia beiaf 

aad ia hariaf restzidad nageiL 

Before applying tlie priDc:f«ef vriToi a: in iLe Jtst dancer t>> 
or,;anic bein^ in a state o: r^ iue^ we must brief r claccm w'ueCiaz 
tbcse latter are subject to ^i^^^ ri^ria^cc To tzvat tlif s^^jec: 
I'loperly, a lon^ cauloiue of cry facia oa^t to be g:T«i ; bt: li/jse 
I shall rosierve for a future work. Xcc s^all I Lere ^''*^ ■» 'Le 
various definitions which have been grrei of tbe terz: speciea. Xo 
one definition has satisfied all natzrali^t»; re: ererr L^tualisi 
koows vaguely what he means when be speaks of a spedes. 
Generally the term includes the unknown »^»^^^t dL a c^izct 
act of creation. The term " variety ** is aliaoa eqially <^ ■^-^'t 
to define ; but here onumunity of deygf^t is ^'^-^igt ciircst^allr 
implied, though it can rarely be xroved. We bare also wLat 
are called monstrosities ; but ti.ey gra.i::a?e ii.Vj variet^cL By 
a monstrosity I presume is mean; sczje cci^^denlve d^r^a^jd <.f 
structure, generally injurious, or not useful to xza t^oc/bl, ixjct 
authors use the term ** variation * in a tecLiJcal sense, as implyii, j 
a modification directly due to the phyrcal ax^iioat of life; aad 
^^ variations ^ in this sense are supposai &>t v^ be inherited ; b*.t 
who can sav that the dwarfed oond.tion of sLells in tLe b»ck>L 
waters of the Baltic, or dwarfed plants oz: Alpcz^ scmzita, or tLe 
thicker for of an animal from far nonLxaris, wocjd jxK is fozi^t 
cases be inherited icx at least a few generatioos ? aad in tbiB case 1 
presume that the form would be caUed a variety. 

It may be doubted whether sudden uad oonsidenUe deriatlobs 
of structure such as we occasionally see in Ofzi coiaat^c pr^dactk/ns, 
more especially with plants, are ever penfe^nenily propagaUd in a 
state of nature. Almost every part of every orgtnie being Is to 
beaotiiiiUy related to its complex conditicsis cMf Hie thai it 
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improbiitlu tliot uny part ahoold have been euddenly prodnced 
perfect, as that a complex macliine ahould have been invented by 
man in a i«rfcct state. Under domestication nionBtrosilies Bome- 
timsB occur nrLich resemble normul structures iu widely difiereiit 
animalfi. Thus pigs have occasionally been bom with b, sort of 
probcBcis, and if any wild specioa of the same genua had natorally 
poBsossed a proboscis, it mi^ht have been argued that this had 
appeared as a monstroeityi but I have as yet falk'd (o find, after 
diligent search, cases of monstrosities resembling nornial structures 
in nearly allied forms, and these alone bear on the queslion. I! 
monatious forms of this kind ever do a[)pcar in a state of nature and 
are capable of reproduction (which is not always the case), as they 
occur rarely and singly, their preservation would depend on 
unusually favourable circumstances. They would, also, during the 
first and succeeding generations cross with the ordinary form, and 
thus their abnormal character would almost inevitably be lost. 
Itut 1 shall have to rotom in a future cliaptcr to the preservation 
and perpetostioQ of Hin;;le or occasional variations. 

Individual Differtnces. 
The many slight differences which appear in the oflspiing from 
the some inrents, or which it may be presumed have thus arisen, 
from being observed in Ibo individuals of tho same species in- 
habiting the some confined locality, may be called individiml 
diGorcnces. No one supposes that all the individuals of the same 
species are cast in the same octnal mould. These individual 
diOerencea are of the higheBt inijiortance for us, for they are often 
inlierited, as must be fimiliar to every one ; and they thus aSbrd 
materials for natural soloction to act on and accumulate, in the 
same manner as mnn accumulates in any given direction individual 
differences in his domesticotod productions. These individual 
differences generally nffuct what naturalists coniiider uiumixirtant 
l»rts; but 1 could show by a long catalogue of facts, that ports 
which must bo called imix>rl«nt, whether viewed under a physio- 
logical or ciussi&catory point of view, sometimes vary tu the 
individuals of tho samo species. 1 am convinced that the most 
experienced naturalist would be surprised at the number of tho 
cases of variability, even in important parts of structure, which he 
could collect on good authority, as I have collected, during a cuurw 
of years. It should bo remembered that systematists are far from 
being pleased at finding variability in important characters, and 
that there are not many men who will laboriously eiimine internal 
and important organs, and compare tboro in many Fpedniens of 
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V"*^"»y of tbe Das zifrrs oae na li* rrac asxna^ cmr^iiii sc 

^ ibf szDe siseaB: 2 amdbx 

degree of TazikbcIiT in %heat — ar* aerre» =l Ca , 
almost be oodpAred tt> iht iirsril&r snzirsisr £X ^2ie saezL cif m 'Stsl 
This philosopbicil TairralHs, I =2st ji^i. ii&s i^ s^cvx T>iC ^3ks 
Qcacies in the Imme cc certain ii:»r3 ir» itr ztjcl tzJistil. 
Azthan aoenesizaes argse in a cr£ie -v^bsi iiej siLSe ibu i=.TcraBS 
orzins nerer Ttrr ; icr ti«se san^ a.'iiz^m Tn:7iaZlx r&z-k «2i!ae 
parts as importani (as xrzr iew sarzzib^isss Lsrt Lansfslj cccisaecji 
which do u)( Tanr ; aad, izvoer tiis tcizi oc t6-»-, nr- izasamp wil 
erer be foond of an iiLporant ran tsjt-z:^ : br: -aas azx cocr 
point of TicW manj izstazxes asszreclj caz: he zrre^ 

There is one point cc<i2«cte«i viih iDd-TSiral ciSEmooea^ -girfe ie 
extremeljperpkxing: I refa to tLose gsi^era viicL bare smk. 
•* pfDtean * or * po'Txaocphx," in wiiich li* i^iEcaes TreacEi i^ 
dinate amount of Tariatioo. W:tii res^cc: icr e^ct c/ ibsat ixsa^ 
baidlj two natcralUts azree wbttber to nzX ibes: as Kiecaes cr as 
Tarieties. We cqat icsTarvof* BTitos, Bosa, izji HSf^acitizi 
plants, sereral geneia of iixsects arc c f Braciic^xc sbe-Zis. Ir 
polymorphic genera some of the Freezes hare fixed a=ii nf^nr 
characters. Genera which are |K'iTn>:'rpoc is ccic aA>:-:gj an^ to 
be, with a few exceptions, po'.ymocThic in ccl-er cozniTjes, sad nke- 
wiac, jndgicg from Brachiopod shells, ai fcrzjer perries d ifz^e. 
These £ict8 are Terr pcrplcxinz, for ther soezn to f^^c-w tlas this 
kind oi Tariability is iijdependent of tie ocoditi-ccs cf ':z5t. I azn 
inclined to suspect that we see, at least in some of these polTiaorpiDe 
genera, rariations which are of no sercioe or disserrioe to the specks^ 
and which omseqnently hare cot been seised oo azid leodced de&iit? 
bj natural selection, as hereafter to be expjainsd. 

Individuals of the same species often present, as is known to 
every one, great differeiices of strGctnre, independently of Tarlataoc, 
as in the two sexes of various animals, in the two or three castes of 
sterile females or workers amongst insects, ajad in the immature and 
larval states of many of the lower animals. There are, also, cases 
of dimorphism and trimorphism, both with animals and plants. 
Thus, Mr. Wallace, who has lately called attentioo to the subject, 
has shown that the females of certain species of bctter&cs, in the 
Malayan archipelago, regularly appear under two or eveu three 
oODSpicuously distinct forms, not connected by intermediate varieties. 
Fritz Miiller has described anak^oos but more extiMtdinarj 
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mIm (f ceriun Brazilian CnistAceans : thus, tbe male 
I n^nkrij occun under two distinct forme; one ot 
g and differently slmped picj^rs, and tba other has 
abundantly furnished with small ing-hain, 
a tDOst of these cases, the two or thn^ forms, both 
b and plants, are not now connected by intermediate 
it is probable that they were once thus connected. 
), for instance, describes a certain butterfly nhich pre- 
1 Oio same island a great range of varieties connected hy 
I links, and the extreme links of the cluin closely 
mnnble the two forms of on allied dimorphic species inhabiting 
WMtber part of the Malay archipelago. Thus also with ants, the 
n<raral worker-castes are generally quite distinct ; but in some cases, 
M tra shall hereafter see, the castes are connected together by Gaely 
gmduated Tarietii^s. So it is, as I have myself oiKtcrred, with some 
dimorphic plants. It certainly at first appears a highly remarkable 
fact that the same female butterfly should have the power of pro- 
dncinc; at the same time three distinct feraalo forms and a male; 
and thai ao benuapbrodita plnnl should produce from the aame 
seed-ca[iBule three distinct herninphrodite forms, bearing throe 
different kinds of females and three or even six dilferent kinds 
of males. Nevertheless these coses are only exaggerations of the 
common fact that the femab produces offspring of two sexes which 
sometimes di^cr from each other in a wonderful manner. 

Doubtful Sptcies. 

The forma which possess in soma considerable degree the cha- 
racter of spodoa, but which are bo closely similar to other forms, of 
are so closely linked to them by intermediate gradations, that 
naturalists do not lil^e to rank them as distinct species, are in 
several respects the most important for us. We hare every 
reason to believe that many of these doubtful and closely allied 
forms have permanently retained their characters for a long 
time ; for as long, as far as we know, as have good and true 
species. Tractically, when a UAturalist can unite by means of 
intermediate liuka any two forms, be treats the one as a variety 
of the other; rankint; the most common, but sometimes the one 
first described, as the species, and the other as the variety. 
Bnt cases of great difficulty, which I will not here enumerate, 
sometimes arise in dt^idin? whether or not to rank one form as a 
variety of another, even wlien Ihay are closely connected by inter- 
tneiiate linkt; nor will the oommonly-assnined hybrid nataie of 
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farm iIkits taaore tb« diScclIj. Ibtoj b^ ^ 
ooB fcnn 13 taiikai ai s Tmiietj of kootfaer, cot 
inMriMdiBta link* ba*B acaHltj bacn UmaA, bat 
k^i tha ot«nrar to mjip^ (itker tkat Itacr do 
exist, or nuf fitcnMrij Ittva emiMd ; ■ad hm ■ 
c antiT of diKilA uid ffinju^i irft is flwiirf 
dfteraiiuiv v^Mtbot ft fenn ****m be Tiriri^ ia a 
vniictj, tlM opiiMO «f OBtBBfiMa bs^ing wvad jnJg 
It utd wide experience wsne Iba CMify gnida ti> SdDaw. W* 
a&T CMB^ ^|ftl1l1^ bv a ^^*|*^* t of natwiT*TlTt 
fcr few wdl-moriced and wtU-keti'n TarietieB can ba oaned ^Uoh 
I not been mdrad ■• qiedea bjr at kaat maa muiiwlim 

That mietiea of tbia doabtfcl itatara an te bum aiwuM i n fl* 
It ba diipuled. Compere the wra*l flona of Gtaat n3tai>,«f 
ea, or of tbe OoiUd Sutei, dnwn np by different botanirta^ 
1 aae wbat a mqiniing umnber of fonna bave been nuked bj 
t botanist ■■ sf>oi species, aod bj aaothtr aa max Tatidiea. 
kH.C.Wata(ni,towliaii 1 tie on^ ^ep oUigttiM ftir UlittiM* 
ladcei for ma 182 filitiab planta, wliidi m 
MmnaMj cooaidend a* Tatietie^ bot iriudt haTO aD beoi ranlnd 
['Bf botaoivta as specua; "m^ in ""^^i* tbia Hat be baa ontitted 
I naojr tiifling Tsrieti^ bat whicfa semtlteleM bare bacn nnked 
I b7 ■ome botuista as specie^ aod fan baa entifdj "■■"^-^ aemml 
l^blj polTmorphic geoen. Cndei gener^ ■"•'"■*"'; th» iMMt 
polTHWipbio (anas, Hr. Babiiigtoa girea 261 apedo^ wbneaa 
Ht. Bentham gives only 112,— a difference of 139 donbtfol faraul 
Amonpt a ni tn M^ wbich unite for each bitth, and wbkh an bi^i^ 
bMOiDOtin, duulitfnl forms, tsnked by one Mologiat as a q<(«*e* and 
bf anothei *s a vuieiy, can nielj be fooitd witliin tiu taam 
Doiintrj, but are ooiniuon iu separated areas. Bow many of tbe 
birds and insecu in North America aod Ewope, which difler 
Ter; slighily from each other, hare been nuked hf otie ftninent 
DWmlist aa undoubted qiedea, and hj another as TSiietics, or, aa 
tbey ate often called, geogn^tical noes I Hr. Wallace^ in seTcnl 
v^ttablc pipers on the rariooi animals, espectallj' on ibe iepi- 
doptem, inbalnting the islands of tbe great Halajan archipelago, 
shows tint tbcj may be clasoed onda Ibor beads, name);, 
able furms, as local form% u geojcn^bjcal races or Kil>spGCiea, and 
as true represeoUttTe species. Hie first or rarialHs forms vary 
moch witliin the limits of the oma island. The local forma 
are modcnttly foostant and distinct in each scfotate island ; but 
when ail fram the several islands are oomfaied together, tha dit 
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ferenccs are seen Ui be eo alight and graduated, that it is impoasibla 
to deliae or describe them, though at the same time the eilrenie 
forma aru sufficiently dialicct. The geographical races or sub-species 
nie local forms com pletely fixed and isolated ; but as the j do not 
differ from each other by strongly marked and important characters, 
" tUero is no possible test but iudividual opinion to determine 
which of them shall be considered as species and which as vaiietiea." 
lAStly, rcprBScutative species fill the same place in the oatucsJ 
eoonomy of each island as do the local forms and sub-Epeciea ; but 
R8 they are diBtinguished from each other by a greater amount o( 
difTei-coce than that bciwcen the local forms and sub-species, they 
are almost univetsotly ranked by naturalists as true specie^. Never- 
theless, no certain criterion can possibly be given by nhieh variable 
forma, local forms, sub-species, and representative spedes can. bo 
recognised. 

Uany years ago, ivhen comparing, and seeing others compare, the 
lurds froD) tba closely neighbouring islands of the Galnpagos orcht- 
peliga, one with another, aud with those from the American main- 
land, I wag much Btiuck how entirely vai^ue and arbitrary is the 
distinction between species and varieties. On the islets of the 
little Madeira group there are many insects which are charac- 
terised OS varieties in Mr. WolUslon's admirable work, bat 
which would certainly be ranked as distinct species by many 
entomologists. Even Ireland boa a few animals, now gencmlly 
n^tidod As varieties, but which have been ranked as species 
by some Eoologists. Several experienced ornithologists consider 
otir British red grouse as only a strongly-marked race of a 
Norwegian species, whereas the greater number rank it as an 
nndoubtod species peculiar to Great Britmn. A wide distance 
between the homes of two doubtful fonos leads many natoralista to 
rank them as distinct species ; but what distance, it has been well 
neked, will suffice; if that between America and Eurui>e is ample, 
will that between Europe and the Azores, or Madeira, or the 
Canaries, or between ihc several islcl:^ of thi^e small archipelagos, 
be sufficient ? 

Mr. D. D. Walsh, a distinguished entomolc^st of the United 
States, has described what he calls rhytopkagic varieties and Phy- 
tophagic species. Most vegetable-feeding insects live on one kind 
of plant or ou one group of plants ; some feed indiscriminately on 
many kinds, bnt do not In consequence vary. In several cases, 
however, insects found living on diifereut plants, have been observed 
by Mr, Walsh lo present in their larval or matnro state, or in both 
states, slight, thot;gh constant diUerences in colour, am, or in the 



Chip. IL] DOCBTTTL SPECES. 




Qfttnre of their WCTttinns. In acEae Tr i ttmfs tae 

other msUnoes both males acd frfnaViUjhiTe beeci 

to differ in a slig^ degree. Wbec tbe drfSFt e ncfs are 

ttiongi J marked, acd when boci axes a&i aH ases are 

fcnns are lanked bj all eatdDCMopsu as g»d 

obaerrer can determice for az»cbcr, eren if be can od s> ibr ^ 

which of these FhytopLapc forms ai^i U} be caZed s; 

which varietica^ Mr. Walsh ranks tLe kr=3 wr>:^ is 

sapposed woald fineely intexcrooB, as nnetxs; azird ih 

appear to hare lost thk pover, as spc&es. As the d 

on the insects having ]sm^ fed cq dissiricc p«iz::s, h 

expected that intermediate links ocnnectinz ibe seren! 

DOW be found. The natmalist thus loees his bes: g^soe in 

mining iriiether to lank doabcfiil f.rms as Tar>sks or 

likewise necessarily occnra with clzeelj allied 

inhabit distinct oontinents or i^Linds. When, on the cch^cr hi 

an ^"iTn^l or plant ranges over the same omtinent, cr inhahcis nsnj 

islands in the same archipelago, and presents di5erect knrs in tha 

different areas, there is alwa\*s a good chanoe that icterz>sdlate 

forms will be disooTtsed which will link together the extreme 

states ; and these arc then degraded to the razik of rarletaea. 

Some few naturalists maintain that anima.'s nercr prexnt varie- 
ties ; bnt then these same naturalists rank the lOightfrt dif^ereoee 
as of specific value ; and when the same identical fcnn is met with 
in two distant oomitries, or in two geological fccmatinri, Hxy 
believe that two distinct species are hidden imder the same dresL 
The term species thns comes to be a mere iseleas abstncdoo, im- 
plying and assuming a separate act of creation. It is certain that 
many forms, considered by highly-competent judges to be varietieiy 
resemble species so completely in character, that thef have been thv 
ranked by other highly-competent judges^ But to discuss whether 
they ought to be called species or varieties, before any definitioD of 
these terms has been generally accepted, is vainly to beat the air. 

Many of the cases of stnmgly-marked varieties or doubtfol tpodai 
well deserve consideration ; for several interesting lines of argumerrt, 
Grom geographical distribution, analogical variation, hybridiAn, &c., 
have been brought to bear in the attempt to determine their rank ; 
but space does not here permit me to discuss them. Gcse inv«^- 
gation, in many cases, will no doubt bring natorahsta to agree how 
to rank doubtful forms. Yet it must be confessed that it is in the 
best known countries that we find the greatest ntmib^r of them. 
I have been struck with the hct, that if any animal or plant in a 
«tate ol nature be highly useful to man, or from any cacae ck«e!y 
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attracts liia athmtion, varieties of it will almost inuvcrsaily be 
found recordtxl. These tariotics, moreover, will ofleD be ranktd bj 
some autliors as s])C'cit^s. Look at the commoQ oak, hoit closely it 
baa been studied ; je( a German author makes more tlian a doKec 
species out of forms, which are almost uniTersally considtred hj 
other botanists to be Taricties ; and in this country the highest 
botanical autljorjties and practical men can be quoted to show that 
tho sessile and poiiunciilated oaks are eitlier good and dislioctspocies 



I may here allude to a remarkable memoir lately publiabed by 
A. de Caudollo, on tho oaks of the whole world. Ko one ever had 
mors am|)ie rmiterials for the discrimination of the species, or could 
have worked on them with more zeal and sagacity. He first gives 
in detail all the many points of stmcture which vary in tho sevend 
species, and estimates numerically the relative frequency of the 
variations. He specilies above a dozen characters which may be 
found varying even on the same branch, sometimes according tn 
age or development, sometimes without any assignable rcaoon. 
Sucli cUntcUn are wt of wime of apecific vnke, but tlioy arc, as 
Asa Gi'ny has remarked in comraculing on this memoir, such aa 
i^enoinlly enter into specific defioitiona. De Candolle tlicn goes on 
to say that he gives the rank of species to tlic forms tliat differ by 
clinraotera never vnrying on the same tree, and never fuund con- 
nected by intoimediato states. After this discussion, tho rcanlt of 
GO much labour, he emphatically remarks: "They are mistaken, 
iiho repeat that tho greater part of our species are clearly limited, 
and that the doubtfal species are in a feeble minority. 1'Iiis scenied 
to be trap, so long as a genu ivas imperfwjtly known, and ila species 
were founded upon a few specimens, that is to say, were provisional. 
Just as vca come to know them better, intermediate forms flow in, 
and doubts as to specific limits augment." He also adds tluit it ia 
tho best known siiccics which present the greatest number of spon- 
laoeuus varieties and sub-vnricties. ThusQueroiis robur has twenty- 
eight varieties, all of which, excepltcg six, are clustered round three 
sub-species, namely, Q. poduncuhita, sessilillora, and inibcscena. 
Tho forms which conaait Ihcae three sub-apocies ore compnmtii'ely 
rare ; and, as Asa Gray n^nin remarks, if theso connecting forms, 
which are now rare, wern to become wholly extinct, the three sub- 
spcciea would hold exactly llio same relation to each other, ai do 
the four or fii-c provisionally admitted species which closely sur- 
round the typical Quercus robur. Finally, Do Caudollc admits 
that out of the 300 species, which will be eiumcratcd in his Pro- 
dromua as belougiug to the oak family, at Icoat two-thirds ar^ 
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proridonal species, that is, aro not knou'D stricily to fulfil iho defi- 
nition above eiven of a true spvcics. It sbou'd be nddi'd that De 
Caodolle DO longer believes that spcciee are immntable crcalioos, but 
eouclDdes that the derivative theory is the most catuml oni^, "and 
ihe most accordant with the kuowu facts in piikEouIolo^, gco- 
^phical botany and zoology, of aiiaiomical structure aud claaiufi- 



When a young nattiralist comrncDccs the study of a grotip of 
(■^nisRis quite unknown to hint, ho is at first much perplexed in 
detenniiuDg what differences to consider as specific, and what as 
nrktal ; for bo knows notliing of the amount and kind of variation 
U which the group is subject ; and this shows, at lenst, now very 
gcnenlly there is some variation. But if he conGne Lia attcutioii 
to one class within ons f»iuitry, ho will soon make np his mind 
bow to rank mist of the doubtful fiirms. Uia general tendency 
iriil be to make many B]Ieci«^9, for ho will become impressed, just 
like the pigeon or poultry fancier before alluded to, with the amount 
of liifrerence in the forms nliich he is oontinually Etudying ; and 
fan has little general knowledge of analogical varttiliou in other 
groups and iu other couutriea, by which to correct his first imprcs- 
aioiA As be extends the range of bis observations, he will meet 
with more cases of difhculty; for he will encounter a greater 
nufiiliei of dosely-allied forms. But if his observations be widely 
extended, he will in the end gencmlly bo able to make up his own 
mind ; but bo will succeed in this at tho expense of admitting much 
VHriatian,— and the truth of this adiniBsioa will often bo disputed 
by other nntumlists. When ho comes to study allied forms brought 
from coiuitrica not now continuous, in which case he cannot hope 
to dad ihtcrniediate links, he will bo compelled to trust almost 
entiraty to analogy, and his difficulties will rise to a. climax. 

Ooiainly no clear lino ot demarcation has as yet been drawn 
between specifs and sub-species — that i?, tho forms which iu the 
opasion of some naturalists come very near to, bnt do not quite 
OfriTe at, the rank of Kpedes : or, again, between siib-spocics and 
well-markod varieties, or tiotween lesser varieties and individual dlf- 
fermces. These dllftTences bleud into each other by on insensible 
•eriM ; and a series imprcssus the mind with the idea of an actual 

Hence I look at individual differences, though of small interest to 
tho Bysteraatist, as of the highest importance for us, as being the 
first Btepa towards such sli-ht varieties as are borely thought worth 
recording in works on natural history. And I look ai varieties 
which are in any degree more distinct and permanent, as steps 




tomuds mora Btnu^lj-maiked and penniuient Tirieties ; and at the 
ktter, u leading to nib-epeciss, uid then to Gjiccjes. The passaga 
bom ooe stage of diflbronce to another may, in many cased, be the 
rimple result of the natore of the orgnniBia and ol the differeot 
physical conditions to nhich it has long been exposed ; bat witll 
respect to the more important and adaptive chnrftcti.>ra, the passage 
from ono stage of dilTeroaco to another, may be aifcly attribntcd to 
the cumalative action of natural selection, hereafter to be explaiaed, 
and to the efTccts of the increuted use or dieose of parts, A weil- 
marbed variety may therefore he called an incippnt species ; but 
whether this belief ie justifiable most bo judged hy the n«ght 
of the various litcta and considemtioos to be given tliniugnont tbia 

It need not bo supposed thsit all varieties or incipient species 
attain the rank of species. Th^y may became estinct, or tboy may 
endure as varieties fof very long periods, as has been shown to be 
the case by Mr. Wollaston witli the varieties of certain fos«l land- 
shells in Madeira, and with plants by Gaston de Saporta. If a 
variety were to Nourish so as to exceed in numbers the parent 
species, it would tliera rant as the species, and the species aa the 
variety ; or it might couia to supplant and cxterminale the parent 
species; or both might co-exist, and both rank as independent 
species. Bui wb shall hereafter ri'tum to this subject. 

From these remarks it will be seen tiiat I look at the term ipcoiea 
aa one arbitmrily given, for the sake of convenience^ to a set (tf 
individuals closely resembling each other, and that it does not 
essentially difler from the term variety, which is given to Use 
distioct and more fluctuating forms. The term variety, ogun, in 
comparison with mere individual diOcrcnccs, is also applied aiU- 
trarily, for convenience' sake. ■ 

Wide-ranging, mutA-diffiued, and common Species vary nott. M 
Guided by theoretical consldcratioDS, I thought that some ihf^ 
tere&ting re«ults might be obtained in i^ard to the nat^ire and 
relalioDS of the species which vary most, by tahulatii;g all the 
varieties in several well-worked floras. At first this seemed a 
simple task ; but Mr. H. C. Watson, to whom I am much indebted 
for valuable advice and assistance on this subject, soon convincod 
me that there were many difficulties, as did subsequently Di; 
Hooker, even in stronger t<?rms. 1 shall reserve for a future work 
the discussion ot llieso difBculties, and the tables of the proportioul , 
niunbers of the varying species. Dr. Oookor permits m 
that after having catofhlly read my manuscript, and examined ths I 
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tables, he thinks that tba following Btatemeats are faii\j well esta- 
Uished. Tha whole aibject, however, treattd as it necMsarily here 
it with mach brevity, is rather perplexing, nod atlosiODS camiol be 
AToidcd to the "struggle for existence," " divergence of ch&rscter,* 
and other questions, hereafter to be disoniwed. 

AlphoDse de CnodoUe and others hare shown that plant* which 
iiftve Tet7 wide nuigea gcaorally present varieties; and this might 
have been expected, as tboy are exposed to diverse physical condi- 
tisn^ find u they come into competition (which, ss we shall bere- 
mActf see, is an equally or more important circumstance) with 
diflewut sets of oi^anic bein^ But my tables ftuther show that, 
in any limited country, the Epocies which are the most common, 
that is abound most in individuals, and the species which arc most 
widely diGosed within their ovm country (and this is a different 
consideration from wide range, and to a certain extent from com- 
monness), oRenest give rise to varieties safiicicntly well-marked 
to have been recorded in botanical works. Oence it is the moat 
flourishing, or, as they may be called, the dominant sppcies, — thoao 
which nngs widely, nro the moat diffused in their own country, and 
an the most numerous in individuals, — ^which oftenest produce 
wdl-marked varieties, or, as I consider them, incipient species. And 
this, perhaps, might have been anticipated ; for, as varieties, in 
order to become in any do^eo permanent, necessarily have to 
Etnigsle with the other inhabitants of the country, the species which 
He already dominant will be the most likely to jdeld oCTspiing, 
which, though in socdo slight degree modifieid, still inherit those 
advantages that enabled their parents to become dominant over 
ihdr compatriots. In these remarks on predominance, it should be 
onderitood that reference is made only to the forma which come 
into competition with each other, and more especially to the mem- 
bers of the same ^enus or class having nearly similar habits of life. 
With respect to the number of individuals or commonness ol 
species, the comparison of course relates only to the members 
of the same group. One of tha higher plants may be said to be 
dominant if it be more nnmerons in individuals and more widely 
diffused than the other plants of the same eonntry, which live under 
nearly the same conditions. A plant of tbLi hind is not the less 
dominant because some conferva inhabiting the water or some 
puaratic fongos is inflnitely more numerous in individuals, and more 
widely diffased. Rut if tbc conferva or parasitic fiin^a exceeds its 
alhM in the above respects, it will then be dominant within Its own 



I 




SPECIES OF LARGER GEXERA VARIABLE. [CuAP.n, 



Speeiti <^ the Larger Gtntra in each Cmmtry vary mart /rejuen^i 
than the Sptciu 1/ the SmaUcr Qenera, 

If tha pknta inhiLiting a country, as Jescribed in aty Flore, ba 
divided ioto two eqllnl masses, all those m the larger gcuera (i.e^ 
those including monjr species) being placed on one side, and all 
those in tho smallur genera on ilie o^her side, the foimcr will be 
round to iuclude B souioH'hat larger number or the very commoaaod 
much diQused 01 dominant speciex. This might have been antici- 
pated 1 for the mere fact o! many species of the anmo genua inhabit- 
in'; any country, sliowa that tbtre is something in ^e organic or 
iuorgdnlc conditioEia of that country faTourable to the genua ; and, 
cousequoDtlf, we might have cspectod to have found io the larger 
geiii^ra, or those including ciany Epocica, a larger proportional number 
nf duminunt species. But so luimy causes tend to obscure this 
result, that I am sur])rist(l tliat my tables showcven a small majority 
en the side of the larger genera. 1 will hero allude to only two 
causes of obscurity. Fresh-water and salt-loving plants geoerally 
have very wide rauj^es aud are much diOused, but this seems to be 
couuected with the nature of tho stations inhabited by themj and 
has little or no relation to the size of the genera to which the 
species belong. Again, plants low in tho scale of organisation are 
geuei-ally much more widL'ly diffused than plants higher in the scale; 
and here again there is no clot« relation to the size of the genen. 
The cause of loivly-orgauiscd plants rao^ing widely will be discuaaed 
in our cbapier 00 Geographical Uistribiition. 

from looking at species as only stronely-markcd and wcll-JeQned 
varieties, I was led to auiicipate that the species of tho larger genera 
in each country would oltcoer present varieties, than the speciua ol 
tho smaller genera; for wherever iiuiny closi^ly rchicd species (■.>., 
species of the same genus) have been formed, many varieties or 
incipient species ought, as a gcucral rule, to bo uow fonoing- 
Where many large trees grow, we ex]'cct to find saplings. Where 
many species of a genus have faoeti fumird through v.'unation, cii^ 
cumstances have been litvounibli! for variation ; and hence we might 
expect that the circumstances would gciiorally bo still favonnibla 
to variation. On the other hand, if we look at each species as a 
jpeeial act of creation, Uicre is no apparent reason why more 
varieties should occur in a group having many species, than in one 
having tew. 

To test the truth of this anticipation I have arraniiod the plants 
of twelve countries, and the coleoijleroos insects of two districts, iotai 
two nearly equal masses, tlie sjtcciea of the larger genera 
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la nnaUer geatn. MoRorcr, the qwcics of the bt^ 
I ptKCBt my TMictJes, inmiablr present k l»rg« 
Kt^nga number of vahettcs llun do lh« fpeciea of the aoaXl genera. 
Botli ihew KRilU fellow nbeo another dirisioa ii made, and vht3x 
•Utiw Veart genen, vith&omonlyoDe tofbtirGpedUiBxcalto^ethci 
exdmicd liom the tables. These facts are of pUin agnification on 
ibe view that ^wcies are only stronglj-marked and |«ni>anait 
nrietjea ; for whererer many species of the i«me getau have broi 
bcmed, or tvbere, if ve may nae the expresaon. the maiLDlactoij of 
■peciea has been actiTe, we ought generally to find the maonbctory 
still in action, more especially as we have every reason to belieTe 
the pTooesB of manufactnriD^ new species to be a slow one. And 
dtia onlainly holds true, if vaiieUes be looked atasinciidcntEpwiw; 
fir mj tables clearly show as a general rule that, whereTer many 
■pedM of a gentis have been formed, the species of that genua 
prcaent a nimiber of vadctles, that u of incifucat epecies, beyond 
the arnagc It L> not that all Urge genera are now varying much, 
and are thus increasing in the number of their species, or that no 
SDiall genera are now varying and increasing j for if this had been 
•0, it would have been fatal to my iheory ; inasmuch as geoli^y 
plunly tells us that small genera Lave in the lapse of time ottea 
increaced greatly in size ; and that large genera have oflen come to 
their tnauma, declined, and disappeared. All that we want to show 
is, that, where mnny species of a genus have been formed, on on 
avenge mouy an; still forming ; and this certainly holds good. 

Mangef the Spea'a indtudtd irWiin the Jjo-gtr Gmera rtsembk 
TariHit* in being very eloteli/, hut unrq-uaily, rtlattd to tncA 
nOiwr, and I'n having ralncled ranga. 

That are other relations between the E[x.<cies of large genera and 
Iheir teoorded varieties which deserve notice. We have seen that 
there is no infallible criterion by which lo distinguish species and 
well-marked varieties ; and when intermediale links bave not been 
foUDd between doubtful forma, naturulists are compelled to come to 
a dcrtcimitiatioa by the amount of diObrence between them, judging 
hy aualc^ wbeihi;r or not the amonnt suffices to r ' 
10 the rank of species. Hence the amount of difference is one very 
important criterion in seltling whether two forms should be ranked 
as apccies or varieties. Now Fries bsa rcuiarked in regard to [ilants, 
and Weitwood in regard to insects, that in large genera the amount 
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□f difference between the species 'is oftea exceedingly amnll. I have 
oodeaTOured to test thii niunerically by averages, and, as far oa my 
imperfect resulta go, they cotilinn tbe view. 1 bavo also consulted 
Bome sagacious and experienced observers, and, after dcUbcration, 
they concur in this liew. In tbis respect, therefore, the apcciea 
of tbe larger genera resemble varieties, more than, do the is^'ecies of 
the Bmaller genera. Or tbe case tnny be put in another way, and it 
nuty be said, that in tlie l&rger genera, in which a number of varie- 
!ics or incipient spcoies greater than the average are now manufac- 
turing, many of the species already raanulactured still to a cettiia 
extent resemble varieties, for they differ from each other liy loss 
than tbe usual amount of difference. 

Moreover, tbe species of tbe latter genera are related to eacli 
other, in the same manner aa the varieties of any one sjiecics aro 
(elated to each other. Ko naturalist pretends that all tbe species of 
a genus are equally distinct from eitch other; they may generally 
be divided into sub-genera, or sections, or lesser groups. As Friea 
baa welt remarked, little groups of species are generally clustered 
like satfiUiteB around other species. And what are varieties but 
groups of forma, unequally related to each other, and cluslt^ri'd round 
certain forms — that ia, round their parent-species. Undoubtedly 
there is one most imiiortant point of difference between varietieii 
and species ; namely, that tbe amoonC of difTerenco between varie- 
ties, when compared with each other or with their (larcnt-Bpccios, is 
much less than that butween thespeciesof theiiamegentis. liutwhou 
we come to discuss the principle, as I call it, of Divergence of ■ 
Character, we ahalt see how this may be explained, and how t' 
leaser differences beiweun varieties tend to inercaae inti 
differences between species. 

Thero is one other point which is worth notice. Varieties gene- 
rally have much restricted ranges : this statement is indued 
scarcely more than a truism, for, if a variety were found to have a 
wider range than that of its supposed parent-species, their denomi- 
nations would bo reversed. But there ia reason to believe that the 
species which are very closely allied to other species, and in so far 
resemble varieties, often hare mnch restricted ranges. For instance, 
Mr. H. C. Watson has marked for me in the well-sifted London 
Catalosue of plants (4th ediijoo) 63 plants which are therein ranked 
as species, but which be coosidets as so closely allied to other 
species aa to be of doubtful value : these 63 ropntud species range 
on an average over 69 of the provinces into which Mr. Watson hag 
divided Great Britain. Now, in tbis same Catalogue, HS acknow- 
ledged varieties are recorded, and those range over 77 provinces; 
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irheraBS, the species to wluch these Tsxieties bdoog rsnge orer 14'3 
pnmDoes. So that the scknowledged Tsiieties have neuij thesune 
nstrided zrengfi nnge, as hare the closelj allied fonns, w^mV^ 
for me bj Mr. Watson as donbtfol species, bat which aie alnvst 
imiTenally lanked by British botaziists as good and true ^ledea. 

SMMmary. 

FmaJljy Tarieties cannot be disticgnisbed from ^)edeSy— ezoepC^ 
first, bj the discovery of intermediate linking fonns ; and, secGsidlyy 
by a certain indefinite amoont of difiference between them ; for two 
forms, if differing Terr little, are generally ranked as rarleties, not- 
withstanding that they cannot be closely connected; bet the anaoont 
of difiierence considered necessary to give to any two forms the rank 
of species cannot be defined. In genera having more than the avenge 
number of species in any coantry, the species of these genera have 
more than the average nimiber of varieties. In large genera the 
specisB are apt to be closely, bat unequally, allied together, forming 
little dusters round other species. Species very closely allied to 
other species apparently have restricted ranges. In all these respects 
the species of large genera present a strong analogy with varieties. 
And we can clearly understand these analogies, if species ODoe 
existed as varieties, and thus originated ; whereas, these analogica 
are utterly inexplicable if species are independent creations. 

We have, also, seen that it is the most fioarishing or dominant 
species of the larger genera within each class which on an avenge 
yield the greatest nimiber of varieties ; and varieties, as we shall 
heieafier see, tend to become converted into new and distinct 
species. Thus the larger genera tend to become larger ; and thrafcg^ 
out nature the forms of life which are now dominant tend to become 
still more dominant by leaving many noodified and dominant 
descendants. But by steps hereafter to be explained, the larger 
genera also tend to break up into smaller genera. And thus, the 
forms of life throughout the universe become divided into gioops 
cnbcr^nate to groups. 
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[|i bcnring on nstarnl nlMtioD — The term aied in n vile 
tricnl ratio of incrcoie — Knpid increiuo of nBlunili>» 
plnnts — Natare oftliscbtckt to increaie — Coinp«t;tion unlvenat — 
Effects of climnte — I'rotoctioD from the cumber of indiriiliuls — 
Complex rclntioat of all inintJila and plnnta Ihroughont nature — 
Struggle for life mut KTiro between Individuals and rarietiei of tbr 
ume ipccics: often Hrers between apecies of tlic inme genu — The 
relntion of organism to orgnniim the moot important of oil reUtlam. 

Befobe entcriD" oq the subject of this chnpter, I must make a few 
preliminary remarks, to show bow the struggle for c^^istcnce bean 
on Kntural Kclection. It hns been seen in the last chapter that 
ftmongat organic beings in a. stale of nnturo there Is some individual 
vnri>bility : indeed I nm not aware that this bos crer bccD disputed. 
It is imraaterial for us whether a multitude of doubtfal forms bo 
called gjieciea or sub-species or varieties ; what ranlt, for inslanco, the 
two or three hundred doubtful forma of British plants sre entitled 
to hold, if tbo existence of any well-marked varieties bo admitted. 
But the mere existence of individual variability and of some few 
well-marked varieties, though necessary as tlie foundation for the 
work, helps us but little in understanding bow species arise in 
nature. How have all tboso exquisite adaptations of one port of 
the orgnnisation lo another part, and to the conditions of life, and 
of one organic being to another bcin^, been perfected? We see 
tbeae beautiful co-adaptations moat plainly in the woodpecker and 
tbe mislctoe ; and only a little less plainly in (ho humblest para^te 
which clings to the hairs of a qnadrLiped or feathers of a bird ; in 
tbo structure of the beetle which dives through the water ; in the 
plumed seed which is wafted by the gentlest breeze ; in short, we 
see beautiful aoaptatlons everywhere and in every port of tho 
organic world. 

Again, it may be asked, how is it that varieties, which I havf 
called incipient spccie.i, become ultiniatoly converted into good a 
diflinct species, which in most cases obviously dilTor firoro e 
other far mora than do the vani>tieB of the same species ? How do 
those gronpa of species, which, constitute what are called distinot 
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{^enen, and whidt diETer from each other more than do the specioa 

of the tame gcona, arise? All thcsa results, as wo shall more (ul!y 

no iu the itoxt chapter, ToUow Truni the Gtruggte for liTo. Owin^ to 

this &mgglo, nuiationE, boivcrcr ell'^ht, and from vrhatevcr cause 

[vooeediDg, if the; be in anjr degree jirofitsble to the individuals at 

■ species, ia their infinite); con^plex tektioiis to other organic 

beings and to their physicnl conditiuna of life, will tend to the 

y^^>CT1'fttioIl of such individuals, and will geacrally be inherited 

1>7 Uie offspring. The offspring, also, will thus have a better 

chance of sniriving, for, of the tuoay individiutU of iLny species 

vbich arc periodically bom, but a small number can survive. 

I have called this principle, by which each slight variation, ii 

nseful, is preserved, by tiio term Natural Selection, ia order to 

mark its relation to man's power of Belcction. But the expression 

often used by Mr. Herbert Spencer of the Survival of the Fittest 

■e accurate, and is sometimes equally convenient. We have 

:tat man by selection can certainly produce great results, and 

• can adapt organic beings to his own uses, througli the accumulaiion 

L. of slight but nsoful variations, given to bim by the hand of Kature. 

I.^Dt Nktorxl Selection, as we eball hereafter em, ia a power inces- 

uitly ready for action, and is as imjueasurably snpedor to man's 

beble efforts, as the works of Nature are to those of Art. 

\Va will DOW discuss in a little more detail the straggle for 

■ flxistenca. In my future work this subject will be treated, as it 

fmll deterves, at greater length. Ths elder De Candolle and Lyell 

ftlMve lately and philosophically shown that all organic beings are 

I aspoaed to severe competition. In regard to plants, no one hn.-' 

1 treated this subject with mora spirit and ability than W. Herbert, 

I Dean of Manchester, evidently the result of his great borticultoral 

. Sotbing ia easier than to aJmit in words the truth oi 

|,llie univetBal struggle for life, or mesa difficult — at least I have 

~than constantly to bear this oonclusion in mind. Tel 

a it be thoroughly cngiaLaed in the mind, the whole economy 

L', with every fact on distribution, rarity, abundance, eitinc- 

, »nd variation, will be dimly seen or quite misunderstood. 

BW« behold the face of nature bright with gladnesfi, we often eeo 

■Dpenbondance of food ; we do net see or we forget, that the birdn 

« idly singing round us mostly live on insects or seeds, and 

Bin thus constantly lUetroytig life ; or we forget bow largely these 

B, or their eggs, or their nestlings, are destroyed by birds 

' and beasts of prey; wo do not always bear in mind, that, though 

Ibod may bo now superabundant, it is not so at all sensons of each 

nenning year. 
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Ihe Tarm, Strvggle/or E3:istence, \aed >ji a large eense. 
I sLonld premiM that 1 use this t^rm in a lar^e and metaphorical 
dense indudiD^ depandence of one being on another, and inclnding 
(which is mora imporlant) not onlj the life of the individual, bat 
success in leaving progeny. Two canine animals, in a time of 
dearth, may be tn:!; said to straggle with each other which shall 
get food and live. But a plant on the edge of a desert is said to 
etmgglo for life against the drought, though more properly it should 
be said to be de]«QdeQt on the moisture. A plant which annaally 
produces a thousand seeds, of which onlj one on an average comeB 
to maturity, may bo more truly said to struggle with tbo plants of 
the same and other kinds which already clothe the ground. The 
misletoe is degieodent on the apple and a few other treea, bat can 
only in a far-fetched sense be said to struggle with these trees, for, 
if too many of these parasites grow on the same tree, it Ungoishes 
and dies. But several seedling misietoes, growing close together on 
tbo same branch, may more truly bo said to struggle with each 
other. As the mialotoe is disseminated by birds, ila esislence 
depends on them ; and it may metaphorically bo said to struggle 
with other fruit-bearing plants, in tempting the birds to devour and 
thus disseminate its seeds. In these several senses, which pass into 
each other, I use for convenience' sake the general term of Struggle 
for Existence. 

GeomttrKoi Matio of Increase. 

A struggle for existence inevitably follows bom the high ratA at 
which all organic beings tend to increase. Every beiu^, which 
during its nntural lifetime produces several eggs or seeds, must suffer 
destniction during some period of its life, uui during some season 
or occnsioual year, otherwise, on the principle oCgwmctrical increase, 
its numbers would qaiokly become so inordinately great that Do 
country could support the product. Eence, as more individuals 
are produced than can possibly survive, there must in every com 
bo a struggle for existence, either one individual with another of 
the same spcciea, or with the individuals of distinct spedes, oi 
with the physical conditions of life. It is the doctrine of Malthtu 
applied with manifold force to the whole animal and vegetable 
kingdoms i for in this case there can be no artificial increase of food, 
and no prudeutiat restraint from marriage. Although seme Bpecies 
may be now increasing, more or less rapidly, in nimiberB, all cannot 
do so, for the world would not hold them. 

There is no exception to the rule that every organic being 
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, ibit, if not dcstrojed, tht 

I jBTth woold noQ be covered hj the progeny of a single pair. Even 

V'broedmg taaa has doubled in tweuty-fira joais, and at this 

i, in lees tbaa a thousand yeaxs, there vould literslly not be 

r ■Unding-^oom for his pro^ny. LinnsuB has calculated that if an 

kiKUitul plant product only tvo teede — and there is no plant so 

I UniiroiiuctiTO as this — and their seedliogs next year produced two, 

f 'Htd SO on, Lhcn in twenty yean tlietv voald be a miUiOD pbots. 

f ^Hie elephant is reckoned the slowest breedn- of all knows animala^ 

I and I have taken some pains to estimate its pra)»ble minimiiTn nte 

|-af nature increase; it ffiU be safest to assume thai it begins 

ing when thirty jean old, and goes on btv>eding ttU ninety 

a old, brings forth six yoong in the interval, and snrriTing 

1 one hundred yean old ; if this be so, after a period of from 

HfiO to 750 years there wonld be nearly nineteen million elephants 

liin, descended from the first pur. 

« have better evidence on this subject than mere theoretical 
ona, namely, the namcrous rcconled cases of the astonish- 
I JBgly aijfii incnaso of vahous animitU in s staU of natnra, wheo 
s have been favourable to fhcm during two or tliree 
klbUowii^ seasons. Still more striking is the evidencu from our 
lals of many kinds wliich Iiovo run wild in seveml 
a of the world ; if the statements of the rate of increase of 
J cattle and horses in South America, and latUrlj 
['la Anstnlia, had not been well authenticated, they would hare 
a iuaedible. So it is with plants; casts could be given of 
P'tBtntdooed plants which have become common throughout whole 
* ' ads in a period of less than ten years. Several ofthe plants, 
1 aa the cardoon and a tall tliistle, which are now the oom- 
Mt orer the wide plains of Ia Plata, clothing sqaare leagues 
e almost to the eiclnsion of every other ptant, have been 
d from Europe ; and there are plants which now range in 
, as I hear from Dr. Falconer, from Cape Comorin to the 
iaya, which have been imported from America sinoe its dis- 
In such caas, and endleaa others could be given, no one 
it the fertilityof the animals or plants has been suddenly 
mporarily increased ia any sensible degree. The obrioua 
ttiaii is that lieconditionBof life have been highly [avonnihle, 
VHd that there has consuqaently been tes destruction of the old and 
J, and that nearly all the yonng have been enabled to breed. 
I^TheiT geomeliical ratio of increase, the reaolt of which never fails to 
wr\0 mrpHKng:, simply explains their extraordinarily rapid increase 
d wide diSujion in their new homes. 
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In a sUtfl of Datura almcBt cveiy fuU-growa plant ancimllj' 
pioduces aeed, and ftmongBt animala there are Tcry fow which do 
not aimiially jair. Hence we may confidently aasert, that all 
plants and auimals are tending to increaso at a geometrical ratio, — 
that all would rapidly stock every station in which they could nay 
how csi^t, — and that this geamctricat tendency to increase most be 
checked by destruction at some period of life. Our familiarity with 
the larger domestic amnuiU teiLds, I think, to mislead us: we see 
no great destruction fftllins o" them, but we do not keep in mind 
that tbousatids are annually Hlai^htered for food, nud that in ft stfit« 
of nature an oqtinl number would hare somehow to be disposed of. 

The only differenco between organismB which annually produce 
e^s or seeds by the thousand, and those which produce extremely 
few, is, that the Blow-breeders would require a few more years to 
people, under favourable oonditions, a whole district, let it be ever 
so lor^e. Ibo condor lays a couple of eggs and the ostrich a score, 
and yet in the same country the condor may be the more numentus 
of the two ; the Fulmar petrel lays but one egg, yet it ia believed 
to be the most numerous bird in the world. One &j deposits 
hundreds of eggs, and another, like the bippobosca, a single Otie i 
but this dilTonince does not determine bow many individuals of the 
two species can be supported in a district. A large ntmiber of eggs 
is of some importance to those species wbiob depend on a flnctna- 
ting amount of food, tar it allows them rapidly to increase in 
number. But the real importance of a largo number of ^ga or 
seeds is to make np for much destruction at some period of life ; 
and this period in the great majority of coses ia an early one. If 
on animal con in any way prolcct its own eggs or yomig, a small 
number may be produced, and yet the average stock be fully kept 
up ; but if mimy ^gs or young are destroyed, mnny must be 
produced, or the species will become extinct. It would suffice to 
keep up tho full number of & trtc, which lived on an overago for a 
thousand years, if a single seed were produced once iu a thousand 
years, supjiosing that this seed wcto never destroyed, and coidd be 
ensured to germinate in a fitting pLice. So that, in all cases, the 
average number of auy animal or plant depends only indirectly on 
the number of its eggs or seeds. 

In looking at Kalure, it is most necessary to keep the foregoing 
considorattona always in mind — never to fo^et that every single 
organic beiug may be said to be striving to the utmost lo increase 
in numbers ; that euh lives by a struggle at some period of its life ; 
that heavy destruction inevitably falls either on the young or old, 
during each generation or at recurrent interrals. Lighteu any 
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deck, mitigate tbs destruction ever so llltle, and tbe number of 
tha species will almost iastantancously increase to an; amouct. 

Kalare of the CkerJa to Inertase. 

The causes which check the natoTaL t«ndcDc; of each Epecies to 

iocrease sro most obecnre. Look at the ttinat vigoroua species ; by 

■■ much ai it, ewanne in numbers, by so much will it tend to 

hcmue still further. We know not eiaclly wbat the checks are 

single iuBtance. Nor will this Hurprise a.ay one who 

tfects how ignorant vre are oo this head, even in regard lo mankind, 

hBoincompanbly betterkuown thananyotber&uimaL I'bis 

(Bbjeet of the checks to increase has been ably treated by seTersl 

9, and I hope in a future work to discuss it et considerable 

tore especially in regard to the feral animals of South 

Iierica. Hero I will make only a few remarks, just to recall to 

e TEBiier'a mind some of the chief points, tlfiga or very young 

imak seem generally to suffer moat, but this is not invariably the 

■a. With plants there is a vast destruction of seeds, but, from 

B obaemtioni which I have made it nppeats that the seedling 

«t from germioatiag in srouod already thickly Blocked 

w plants. SeedliQ<;s, also, are destroyed in vast numbers 

a enemies; for instance, on a piece of ground three feet 

5 and two wide, dug and cleared, and where there could be no 

^Aoking from other plants, I marked all the seedlings of our native 

~i as they came up, and out of 3iJ7 no less then 'iQ5, were 

Mtroyed, chiefly by slugs aiul insects. If turf which has long been 

1, and the ease would he the sama with turf closely browsed 

I by quadrupeds, be let lo grow, the more vigorous planla gradually 

Lull the less vigorous, though fully grown plants; thus out ol 

I twenty species growing on a little plot of mown turf (three ffct by 

■ifbor) nine species perished, Irom the other species being allowed to 

» up freely. 

The nmunnt of food for each species of course gives the extreme 
limit to which each can increase; but very frequently it is not the 
obtaining food, but the serving as prey to other animals, which 
determines the average nnmbers of a species. Thus, there seems to 
he Uttle dooht that the stock of partridges, grouse, and hares on 
any large estate depends chiefly on the destruction of vermin. If 
not one bead of game were shot during the next twenty years in 
Edglsad, and, at the same time, if no vermin were destroyed, there 
tnmld, in all probability, bo less game than at proKcnt, althongh 
Imndrcds of thousands of game animals are now annually sLot. On 
the ether band, in some cases, as with the elephant, none nro 
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Jeetroyed by beasts of prey ; for even the tiger in India most lately 
dares to attnck a yoimg elcphaut protected by its dam. 

Climata pbys an importact part in detennining the average 
numbers of a BpM:ies, and periodical seasons of extreme cold or 
drought seem to be the most efiectiTo of all checks. I estimatod 
(chiefly from llie greatly rednced numbers of nesta in the spring) 
that the winter of 1854-6 dostroyed four-firths of the birds in my 
own grounds; and this is a tromendoas destractioa, when we 
remember that ten per cent is an extraordinarily severe mortality 
from epidemics with man. The action of climate seems at first 
sight to be quite independent of the stmggle for existence ; bnl in 
so far as climate chiefly acts in reducing food, it brings on the most 
severe struggle between tho individuals, wliether of the snme or of 
distinct species, which subsist on the same kind of food. Even 
nhen climate, for instance extreme cold, acts directly, it will be 
tho least vigorous individuals, or tlioso which have got least food 
through tho advancing winter, which will sufTor most. When we 
travel from south to north, or from a damp re^on to a dry, we 
invariably see some Ejiocics gradually getting rarer and rarer, and 
linalty disappearing ; and the change of climate being conspicium, 
wo are temjited to attributo the whole Effect to its direct actioii. 
But this is a false view j wo forget that each species, even when it 
most abounds, is constantly suiTering enormous dtstniction at come 
period of its life, from enemies or from competitors for the same 
place and food ; and if these enemies or competitcirs be in the least 
decree favoured by any slight change of climate, they will increase 
in numbers ; and as each area is already fully stocked with inliabl- 
tants, the other specU'S mnst decrease. Wlien we travel aonth- 
ward and see a specivs decreasing in numbers, we may feel sora 
that tbo cause lies quite as much in other species being favoured, a* 
in this one lieing hurt. So it is when we travel northward, bat in 
a somewhat lesser degree, for the number of species of nil kinds, 
and therefore of competitors, decreases northwards ; hence in going 
northwards, or in ascending a mountain, we far ollaner meet with 
stunted lonnsidue to thorf('rfc(/y injuriousactionofcUinote, thnnwo 
do in proceeding southwards or in descending a muuniain. 'n'hcn 
we reach tho Arctic regions, or snow-capped EOmmit*, or aheolutc 
deserts, the atniggle for lifu is almost eiclosively with the elements. 

That ctimat« acta in main {lart indirectly by favonritig other 
species, we cleorly see in tho prodigious nrnnber of plants which 
in our gardens can perfectly well endure our climate, bat which 
lutver become natumlisod, fur they cannot compete with onr native 
planU nor resist destruction by our native animals. 
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1 a species, owing to highly favourable circnmstaiices, 
a iuordinatelj in numbers io a amall tract, epidemica — at 
batst, Uua aeema geoerally to occur with our ^&me animals— often 
i soii hero wo bave a limiting check ludepeudent of the 
I An^gla for life. But even Boma of these BO-callcd eplditnicti 
r 9ppo^ to be due to parasitic worms, which have from Bonie cause, 
I piraibly in part through facility of diffusion amongat the crowded 
" >, been diaproportionally faTOured ; and here comes in a sort 
l«f struggle betweca the parasite and its prey. 

On the other hand, in many cases, a large stock of individuals 

pof the eamo species, relatively to the numbera of its enemies, ia 

■olately ncccaaary for its proeorvation. Thus we can easily raise 

FjdeQty of corn and rapc-seod, £c., in onr fields, because the Beeds 

EwB in great excess compared with the nnmbcr of birds which feed 

Bob them; nor can the birds, though having a auperabundacoe of 

f Ibod >i this one senaon, increase in number proportional ly to the 

■ippty of seed, as their numbers are checked during winter; but 

I any one who has tried, knowa how troublesome it ia to get seed 

I ftvot a fev wheal or other such plants ia a prdi-u : I have ia this 

I kit every single seed. This view of the necessity of a large 

k of the same species for its preservation, exptaina, I believe, 

6 singular facts in nature such as that of very rare plants being 

extremely abundant, in the few spots where thoy do 

exist ; and that of Bome social plants being social, that is abounding 

in individcals, even on the extreme verge of their range. For in 

t «idi cues, we may believe, that a phint could exist only where lie 

P.gondilions of its Lfe were so favourable that many could exist 

I together, and thus save the species from utter destruction. I 

r dxmld add timt the good eiTccts of intercrossing, and the ill effects 

of doM interbrcedin'z, no doubt come into pby in many of tliese 

CUH ; but I wilt not here cnlargo on this subject. 

Oon^Ux Iie!atkait n/ all AnimaU and Plants U> t'liA olhtr in 

1 the Struggle for ExMence. 

I Uuf cases are on record showing how complex and unexpected 

Pire the checks and relations between organic beings, which have to 

'■ atnigsle together in the saroo country. I will give only a single 

EnMance, which, though a simple one, interested me. In StalTord- 

sbire, on the estate of a relation, where I had ample means of 

iUTcstigation, there was a largo and extremely barren heath, which 

had nflver been touched by the hand cf man; but several hnndred 

icres of exactly the same nature had been enclosed twenty-Eve 

fears previously and planted with Scotch fir. The cliange in the 
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native Tegetaticn of ihe plniited part of the heath 
lemarkabie, mora thnn is gcntrallf soen in passing from 
different Boil to another ; not only the propottional onmbcrs of 
heath-plants were wholly changed, but twelve species of plants (not 
counting graasea and carices) Sourished in the plantations, vhicb 
could not be found on the heath. I'he effect on tbe inaecia must 
h:ivB been still greater, for six inaectivoroua birds Vfcre very 
commoQ in the plantations, which were not t« bo si^en on the 
heath ; and the henth was frequented by two or tlircu distinct 
insoctivorous birds. Here wo sob how potent has Iweii the effect of 
the introduction of a siugle tree, nothing whatever else having bees 
dune, with the exception of the land hsivin^ been enclosed, so that 
cattle could not enter. But how important an clement enclosure is, 
I plfdnlf saw near t'limham, in Surrey. Hero there are extfinsiTe 
heaths, vith a few clumps of old Scotch iirs ou the distant bill- 
tops: within the lost ten yoars largo spaces have been enclosed, 
and self-sown firs are now springing up in multitudes, so clow 
together that all cannot live. When I ascert»ned that thcoe 
young trees had not bcoo savra or planted, 1 was so much sur- 
prised at their numbers that I went to several points of vidW, 
whence I could examine hundreds of acres of the unenclosed heath, 
and literally I could not see a single Sootch fir, except the old 
;ilantcd clumps. But on looking closely between the stems of the 
Li-ath, I found a niultittide of seodlings and little trees which bad 
Wen perpetually browsed down by the cattle. In one square yaid, 
at a point some hundred yards distant from one of the old clumps 
I coonted thirty-two little trees; and one of them, with twenty- 
six rings of growth, had, during many years tried to raiso its head 
above the stems of the heath, and had failed. No wonder that, as 
soon as the knd was enclosed, it became thickly clothed with 
vigorously growing yoimg firs. Yet the heath was so oxtrcmely 
kvrreu and so oitonsivc that no one would ever have imngined that 
cattle would have so closely and effectually searched it for food. 

Here we see that cattle absolutely determine tho existence of 
lhoScc>chfir;hut in several part.^ of the world insects dctcnniue the 
estiotence of cattle. Perhaps Paraguay offers the most curious 
instance of this ; for here neither cattle nor horses nor dogs have 
ever run wild, though they swarm southward and northward in a 
ferni state ; and AEora and Eengger have shonn that this is caused 
by the greater number in Paiagimy of a certain 6y, which lays its 
eggs in the navels of these animals when first bom. The increaw 
of these fllcj, numerous as they are. must be habitually checl:cd ti|/j 
some means, probably hy ether poiasitio insects. Hence, if cert 
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tiaDBB IMi wma to oeeRaw i& Tangn?. um poflxk 

b '■oM piobkUf '-'»—«■• i anii tbia «acld IcMCtt the mmte 

BBlnic fliaa^ihat cuiie ukd hfltifg voold li^^^— 

■ woold artaa^j gnatly altfr (is IbJmJ I bare <ilBa^ 

■ «f 8a«th Ameria) tbe Ttgttatiiw : tU* a^in wold 
(■; aBdai^KwahAnJHtMaiiBSblEwl* 
u faiitl^ ud K> cnwudi m e««r-iK(aMiiis 

Sot tiwt maier aatan tiw irbtii— nil 

t mt BMkple a* ttib. BaUle wHUn tadUe arart k «an- 

r recDirin* with varfii^ (duem ; and jrt in Ae loi^ 

laiotcsftre so nicdj faalaoecd, that thebeeof DAtnran 

r fv long periods of lime mulbnii, thot^li »ManSlj the n 

I would giv« the Tictorr to one oceanic be 

thcilf, ID profound ia onr igaoranoe, aik 

that we Qtarrel n'hetL we hear of tke extincrios of an cT^nic Ixing ; 

I and la we do not see the caose, we inroke cataclysms lo desolate ibe 

wvld, or invent lam on the dnratiou of tho foitna of life t 

I nn tempted to gin one more instiDoe sbowm^ how pkntii nd 

"■'■"**■. remote in the scale of lutQie, are bonnd t^cthef hj a web 

I flf oomplex Telatiotu^ I shall hereafter hare oceasioa lo show that 

I Hu exotio Lobelia fnl^ens is never vi^ted in mjr garden bv insects, 

1 ctmaeqaenllf, from its pecnliar stmctnie, never sets a Med. 

\ Nearly all our orchidaceous j>Iants aheolately require the viats ol 

ore their pollcn-masEcs and thiis to fettilise them- I 

I Sod bean expeiiments thiit hnmble-becs are almost mdiapensable lo 

&c fntiliation of the heartsease (Viola tricolor), for otha bees do 

not visit this flower. I have also found that the visits of bees «rs 

7 for the fertllisalion of some kinds of clover : for instance! 

, 20 beads of l>atch clover CrrifoUumrepenOjielded 2,290 semis, but 

SO other heads protected from bees produced not one. Again, 100 

Is of red clover (T. pratecse) produced 2,700 seeds, bat the same 

[' nnmfaer of protected heads produced not a single seod. Hambl<--bces 

*Mt red cinrcr, ns other bees cannot reach the nectar. It has 

suggested that moths mav fertilise the clovers; bat I doabt 

' whether the; could do so in the case of tho red clover, friim their 

weight not being sufiicient lo depress the wing-pelnls. Hence we 

tnay infer ns highly probablwlhnt, if the whole genus of hninblc-bcea 

became extinct or very mre in England, the heartsease and led 

dorer would become very rare, or wholly disappear. The number 

of humble-bees in any district depends in a great 

nnmber of Stld-miee, which destroy tbuir combe and nests 

OoL Newman, wto has long attended to Ihc habits of htmible-beei^ 
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believes that " more than two-thirda of them are tlinB destfojred all 
Direr Ecaland." Now the number of mice is laiT^ly dependent, aa 
every one knows, on tbe number of cats ; and Col. Newman says, 
" Near villi^es and amall towns I havo found the ticata of humble- 
bees more numerous than elsewhere, which I attribute to the num- 
ber of cats that destroy the mice." Hence it is quito credible tJiat 
the presence of a feline animal In large numbers in a district might 
determine, through the intervention first of mioe and then of bocs, 
the frequency ot certain flowers in that diatrictl 

In the cose of every species, many difierent checks, acting at 
dtSerent periods of life, and during different seasons or years, pro- 
bably come into pby ; some one check or some few being geneiaUy 
the most potent; but all will concur in determining the average 
number or even the ezistencs of the species. In some cases it can 
bo shown that widely -diCfetCDt checks act on the same species 
in different districts. When we look zs the plants and bnshei 
clothing an entangled bank, we are tempted lo attribute their pro- 
portional ntimhers and kinds to what we call chance. But how false 
a view is this I Every one b!is heard that when an Americaji forest 
18 cut down, a very difl'erent vi^tation springs up ; hot It lias been 
observed that ancient Indian mins in the Southern United States, 
which must formerly have been oleaied of trees, now display the 
same beautiful diversity and proportion of kinds as in the stirroand- 
ing virgin forest. wW a stru;;gle must have gone on dnring long 
centuries between the several kinds of trees, each annually scattering 
its seeds by the thousand ; what war between insect and insect — 
between insects, snails, and other animals with birds and beasts of 
prey — all striving to increaae, all feeding on each other, or on the 
tre«s, their seeds and seedlings, or on the other plants which fint 
clothed the ground and thus checked the growth of thotreesi Throw 
up a handful of feathers, and all fall to the ground according to 
definite laws : but how simple is the problem where each sliall fall 
oampaied to that of the action and reaction of the innumcroblc 
phuits and animals which have determined, in the course of cen- 
turies, the proportional numbers and kinds of triies now growing on 
the old Indian ruins I 

The dependency of one organic being on another, as of a parasite 
on its prey, lies generally between beings remote in the scale of 
nature. This is likewise sometimes the case with thoao which may 
be strictly said to struggle with each other for existence, as in the 
cose of locusts and grass-feeding quadrtpeds. But the stniggls will 
almost invariably be most tevero between the individuals of the 
smo species, for they frequent the same districts, require the same 
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i, aad M» txposed to tbe nine dangers. In ihe c 

a speeiei^ the straggle will goiErallj be slmast equally 

He loaietunes see the contest aooa decided : fee imtauee, 

if Borenl Tsnetiea of irheit be sown together, snd the mixed seed be 

fcaoirn, KHnB of tbe Tirietiea which best suit tbe eoQ or climkt^ or aie 

lutDtallf the most fertile, will be*.t the others and ao yield mote 

1, and will coQScqaeiitly in a few years enpplant the otba vaiie- 

. To keep op a mixed stock of eren Each extiemel j close varie- 

ttiea u the TBcioasly-oolonred sweet-peae^ thej most be each Ten 

i separate!}', and the seed then roiied in dae proportkia, 

e the wester kinds will steadilj decrease in number and 

ia with tbe wieties of sheep: it has been asserted 

•r certain numntain-rarietiGS will starre ont other mcnmtain- 

t, to that they cannot be kept together. Tbe same result 

IS fidlowed from keein&g together difffTcnt TBiieties of the medicica) 

T even be donbted whether the TSneties of aoy of out 

; pl&nu or animfth have n> exactly the same strength, 

i babtl^ and coastitution, that the original proportions of a mixed 

I '#DCk (crossing being prerenifd) ooold be kept itp for half-e-doEen 

I, if they were allowed to atmggle together, in the same 

being* in a state of nature, and if the seed of joting were 

erred in doe pniportioa. 

S tiW ffifi tfar JAfe most anwre iehreeN Iitdttiiduals and Varielia 

ef Ok lame Spedrt. 

^H As tbe species of the mme genua Dsnally have, thoogh by no 

^^B mesna inTariablj, moch similanty in babita and constitatioo, and 

^^m alw*fa in stnicture, the struggle niU generally be more severe 

^^K betwem them, if they come into competition with each other, than 

^^ft l u t ww ii tbe species of distinct gencm. We see this in the recent 

^^H«itana<ii onr farts of the United States of one species of swallow 

^^B'^Tbig cansed the dixrease of another species. The recent incieaae 

^^Btf the missel-thrusb in foris of Scotland baa caosed the dccrcam ol 

^^Hflw song-ihmsh. How frequently we hear o[ one spcciis of rat 

^^KtlldDg the]dace of nDollicr siiccies under the most dificrentcLimalcal 

^^Bjn Bnaoa the small Asiatic cockroach hos everywhere dnven before 

^^B It ila great congener. In AiUilraUu the imported hive-bee is rapidly 

■xtenuinattng the small, stinglesi native bee. One species of char- 

|o(& has been known to supplant anotlicr species ; and so in other 

OMM. Wa eui dimly see why the competition shoold be most severs 

bUwwn allied forms, which &U nearly the same place 

of aatarc ; but probably in no one case could <ve precisely say why 

s bac been Ticlonous over another in the great battle of U£d> 




I 




say why ^^M 

leofUEb. ^M 



(SO 



STKDGGLE FOR EXISTENCE. 



tCHip. in. 



A cofoUftty of the liigliest importance may ba deduced from ibe 
foregoing remarka, namely, that llie structure of every orgaiu'c being 
is rolitted, in the most essential yet cfteu liidden manner, to that of 
all the olher orgonio beings, with which it comes into competition 
. for food or residence, or from which it Hm to escape, or on which it 
prcya. This is obrious in the structure of the teeth and talons of 
the tiger; and in thst of the legs and claws of the parasite which 
cltnga to the hair on the tiger's body. But in tlic beautifully plumed 
seed of the dandelion, and in the flattened and fringed legs of the 
walor-heetlc, the relation seems at first confined lo the elements of 
air and water. Tct the advantage of plumed seeds no doubt stands 
in the closest relatioa to the land being already thickly clothed with 
other plants ; so that the seeds may he widely distributed and fall 
nn Dnoccnpied gromid. In the water-beetle, the Etrncturo of its 
legs, BO well adapted for diving, allows it to compote with other 
uqiiatic insects, in hnnt for Its own prey, and to escape serving aa 
prey to other animals. 

The store of nutriment laid up within the seeds of many plants 
ae«mg at first sight lo have no sort of relation lo other plants. liut 
from the strong growth of young plants produced from such seods. 
as pens and beans, when sown in the midst of long grass, it may bo 
BUSjicctGd that the chief use of the nutriment in the seed is to favour 
the growth of the scoiiliags, whilst straggUng with other plants 
growing vigorously all around. 

Look at a plant in the midst of its range, why does it not doublo 
or iiundmpk its numbers? Wo know that it can perfectly well 
withstand a little more heat or cold, dampness or dryness, for else- 
where it ranges into slightly hotter or oalder, damper or drier dis- 
tricts. In this case we can cicariy see that if wc wish in imagination 
to give the plant the poivcr of increasing in number, we should have 
to give it some advantage over its competitors, or over the animals 
wliioh prey on it. On the confincaof its geographical range, a change 
of constitution with respect to climate would clearly be an advantags 
to our plant ; but we have reason to believe that only a few plants 
or animals range bo br, that they nre destroyed eioluaively by Iho 
rigour of the climate. Not until we reach the eitremo confines o( 
life, in the Arctic regions or on the bordecs of an utter desert, will 
competition cease. The laud may be extremely cold or dry, yet 
there mil be competition between aorao few species, or between th« 
individuals of the same species, for the wannest or dampest spots. 

Honco we can see that when a plant or animal is pkced in n new 
country amongst new competitors, the conditions of its life will 
genemlly be changed in an essential manner, althouRh the climate 



CBAF.m.] 



STBUGGLE FOB EXISTENCE. 



61 



may be exactly the same as in its former home. If its average num- 
bers are to increase in its new home, we should have to modify it iu 
a different way to what wo should have had to do io its mitive 
country ; for we should have to give it some advantage over a different 
set of competitors or enemies. 

It is good thus to try in imagination to give to any one species an 
advantage over another. Probably in no single instance should wo 
know what to do. This ought to convince us of our ignorance on 
the mutual relations of all organic beings; a conviction as necessary, 
as it is difficult to acquire. All that we can do, is to keep steadily 
in mind that each organic being is striving to increase in a geometri- 
cal ratio ; that each at some period of its life, during some season of 
the year, during each generation or at intervals, has to struggle for 
life and to soifer great destruction. When we reflect on this struggle, 
we may console ourselves with the full belief, that the war of nature 
ia not incessant, that no fear is felt, that death is generally prompt, 
and that the vigorous, the healthy, and the happy survive aiid 
nmltiplj* 
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CHAPTER IV. 

Satdbai, Selkctios; oa the Scrvital of tee Fittebt. 

Nstnn! Selectidi] — iti power compared witli ninii'i selrctloa — Iti poVeP 
CD chamcten of trifling importODce — iU power at all agtt and on both 
uis) — Seinnl SelecIioD — Od the geQCrniitf of iotcrcrosBes between 
lodiTldnala of the mme ipecies — Cii-ennistBacei faionmble anil Dofa- 
yonrabU to the results o! Natural Selectiuo, nomelj, intercicssing, 
isolation, number of iDdiridnalj — Slow actiaa— EitiDetion caoicd bj 
Natnnl SelccUoa — Divergence ot Character, related to the diveraitf ol 
Inhabitnnte of anj small area, and to nataralisatlDn — Action of Natural 
Selection, throngh Diiergence of Character, and Eilinction, on the de- 

tceuduil* from a comiROD pHrfnt—Exphiaa the gronpiag of all ergutie 

beingi — Advance in organiaatioQ — Low forms preserTtd — Coavergtnce 
of character' — Indefinite mnlliplicatioa ofspcciea — Suaunarj^ 

How will the Gtrugglo for existence, bricSy diBcuesed in tlie last 
chapter, act in regard to variation ? Can the principle of Bolection, 
wliich WB have seen ia so potent in the hands of umn, apply under 
nature 7 I think we shall seo that it cflji act moat efficiently. Let 
lie endless number of slight varialionB and individual differences 
occurring in our domestic productions, and, in a leaser degree, in 
those under nature, be borne in mind ; as well as the strength ot 
the hereditary tendency. Under (Jomcstication, it may be truly 
iaid that the whole organisation becomes ia some degree plastic 
But the variability, vrhich we almost universally meet with in our 
domestio productions, is not directly prodnceS, as Hooker and 
Ass Gray have well remarked, by man ; he can neilliei originate 
varieties, nor prevent their occurrence ; he can only preserve and 
accumulate snch as do occur. Unintentionally he exposes orpinio 
beings to new and changing conditions of life, and variability 
ensues; but similar changosof conditions might and do occur under 
natoro. Let it also be borne in miud how infinitety complex and 
close-fitting are the mutual relations of aU organic boin^ to each 
other and to their physical conditions of life; and consequently 
what inSnitely varied diversities of structure might be of nse to 
each being under changing conditions of life. Can it, then, bo 
thought improbable, seeing that vamtions useful to man hara 
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trndcmbtedlj occnired, that other yariations oseful in some way to 
each being in the great and complex battle of life, ahoold occur in 
the course of many successive generations ? If such do occur, can we 
doubt (remembering that many more individuals are bom than can 
possibly survive) that individuals having any advantage, however 
slight, over others, would have the best chance of surviving and of 
procreating their kind ? On the other hand, we may feel sure that 
any variation in the least degree injurious would be rigidly de- 
stroyed. This preservation of favourable individual differences and 
variations, and the destruction of those which are injurious, I have 
caUed Natural Selection, or the Survival of the Fittest Variations 
neither useful nor injurious would not be affected by natural selec- 
tion, and would be left either a fluctuating element, as perhaps we 
see in certain polymorphic species, or would ultimately become 
fixed, owing to the nature of the organism and the nature of the 
conditiona. 

Several writers have misapprehended or objected to the term 
Natanl Selection. Some have even imagined that natural selection 
induces variability, whereas it implies only the preservation of such 
variations as arise and are beneficial to the being under its con- 
ditions of life. No one objects to agriculturists speaking of the 
potent effects of man's selection ; and in this case the individual 
differences given by nature, which man for some object selects, 
must of necessity first occur. Others have objected that the term 
selection implies conscious choice in the animals which become 
modified ; and it has even been urged that, as plants have no voli- 
tion, natural selection is not applicable to them I In the literal 
sense of the word, no doubt, natural selection is a false term ; but 
who ever objected to chemists speaking of the elective afOnitics of 
the various elements ? — and yet an acid cannot strictly be said to 
elect the base with which it in preference combines. It has been 
said that I speak of natural selection as an active power or Deity ; 
Uit who objects to an author speaking of the attraction of gravity 
as roling the movements of the planets ? Every one knows what 
ia meant and is implied by such metaphorical expressions ; and 
tiiey are almost necessary for brevity. So again it is difficult to 
&T(rid personifying the word Nature ; but I mean by Nature, only 
the aggregate action and product of many natural laws, and by laws 
tile sequence of events as ascertained by us. With a little familiarity 
rach superficial objections wiU be forgotten. 

We shall best understand the probable course of natural selection 
by taking the case of a country undergoing some slight physical 
diange, for InBtanoe, of dimate. The proportional numbers of its 
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ioiiabilBiits will almost iisiiicdiately iiiid<:r^o a change, sud lome 
speciea ivill probably become extinct. Ws may conclude, from 
whit wc have lieca of the iotiimite auJ complex inanncc id which 
the inhabitants of each country arc bouml together, that any change 
in the nnmcrical proportious of the inhabitants, indopendeutly of 
the cliango of climate itself, would seriously affect the others. If 
the conntry were open on its borders, now forms would certainly 
immigrate, and this would likewise seriously disturb the relations 
of some of the former inhabitants. Let it bo remembered how 
powerful the iafluence of a Eingle introduced tree or mammal hu 
been shown to bo. But in the case of an island, or of a country 
partly surrounded by baniera, inlo which new and better adapted 
forms could not freely enter, wo should then have places in the 
economy of nature which Kould assurcdij be better filled up, if 
some of the origiual inhabitants were in some manner modi&cd : 
for, had the area been open to immigration, these same places would 
hare been seized on by intnidcrs. In such cases, slight modifica- 
tions, which in any n-ay favoured the iudividuuls of any spccitx, by 
better adapting them to their altered conditions, would tend to be 
preserved ; and natural selectioa would have free £co[« for the work 
of improvement. 

Wo have good reason to believe, aa ahoivn in the first chapter, 
that changes in the conditions of life give a tendency to increased 
vari.ibility i and tn the foregoing cases the conditionB have changed, 
and this would manifestly be favonrable to natural selection, by 
aObnling a better chance of the occurrence of profitable variations. 
Unless such occur, natural selection can do nothing. Under the 
term of " variations," it must never bo forgotten that mero indivi- 
dual diObtences are included. As man con produce a great remit 
with hia domestic animals and plants by adding up in any given 
direction individual difTercnces, to could natural selection, but for 
more easily, from having incomparably longer timo fcr action. Nor 
do I believe that any great phydcaL change, as of clijnate, or any un- 
usual d<^rce of isolation to check imroi^nttion, is necessary in order 
that new and unoccupied places should be left, for natural selec- 
tion to fill up hy improving some of the varying iuhabitanls. For 
as all the inhahitauls of each country are sLruggling together with 
nicely balanced forces, extremely slight modifications in the struc- 
ture or habits of one species would often give it an odvant^e over 
others ; and still further modifications of the same kind wonld often 
still further increase the advantage, as long ns the s[>ecies continued 
ncdor the some conditions of life and profited by similar me.ins of 
euheistenco and defence. No country can be named in which all 
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iIm nadve mhabiUuits are now lo perfixtlj adapted U> Mcb otha 
And to Lbe physicaj ccHidiuons under whidi the; lire, thai ihom of 
them could be sliU better adapted or improied ; loc in ail coDDtrie*, 
tbe Datives have been ao Itx couqcend bj oattmlued pndnctiau^ 
that lliey have allowed name foreigners lo t»ko Sna poaacaacn of 
tbo land. And aa tbreigners bare thns in eveij connti; beaten 
EiMDM of the Datives, we maj safety conclode that the natives might 
« been modified with advantage, £0 as to have better reacted tbe 

, ^ man cui prodnce, and certainlj hai produced, a great Tetnlt 

'f bi> metliodical and oncooacioas means of selection, what majr not 

J aelection effect ? Man can act only on eitenut and vinble 

ra: Kature, if I may be allowed to perBonirj* tbe natuial 

' nor Ruriral of the fittest, cans nothing for appeuuices, 

t in M Ear as they are DEeful to any being, ^-he can tot on 

7 intenwl organ, on every shade of cosstitational difference, 

(oB tbs whole machinery of life. Itan selects ocly for bis own 

: Nature only for that of the being which she tends. Every 

Ktei ehuKia U fully exercised by ber, as is implied by the bet 

t their selection. Man keeps the natives of many clim^es in the 

■ coiwtjy ; he seldom eiercises each selected chanclor in some 

r and fitting manner; he feeds a long and a short besked 

I same food ; he does not ex^cise a long-backed or 

g-I(gged qoadniped in any peculiar manner j be expose* sheep 

h kmg and short wool to the same climate. He does oot allow 

• most rigoions males to straggle for the females. Be does not 

"Ijdaittoy all inferior animals, but protects during each varying 

t, !• &r as lies in his power, aU his pro'loctiona. He often 

IS hii selectioD by some half-moostroaa form; or at least by 

a modification ptumineiit enough to catch the eye or to be 

Kybinlf useful to him. Under nalore, the sligbtect differences of 

'Toctnre or constitntion may well turn the nicely-balanced scale in 

i Struggle for life, and so be preserved. How fleeting an the 

s and efforts of man I how short bis time 1 and consequently 

m poor wiU be his resalts, compared with those accnmnlsted t^ 

■B during whole geolo^cal periods I Can we wonder, then, that 

'a prodaetbiis shtuld be &i " troer " in chuiacter than man's 

; that they should be infinitely better adapted to the 

It complex conditions of life, and should plainly bear the stamp 

jffftr higher workmanship ? 

It mqr metaphorically be said that natural selection is daily and 

EVKirt]r icnttimaiDg, throughout the world, the slightest variations; 

g those that are l»d, preeerving and adding op all that ate 
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good; silently and insensibly working, whenever arid wJierteer 
opportunity offers, at the improTement of each (iTgaoic bdng in 
reUtion to its organic and inor^nic conditions of life. We see 
nothing of these slow changes in process, until the hnnd of time 
has marked the lapse of ages, and then so imperfect is oar view into 
long-past geological ages, that we see only that the forms of life are 
now different from, what they formerly were. 

In order that any great amount of modiRcation should be effected 
in K species, a Toriety when oace formed must again, pnhaps after 
a long interval of time, vary or present individnal differences of the 
same favourable nature as before ; and these must bo again pre- 
served, and so onwards st«p by step. Seeing that individaal 
difforences of the sanie kind perpetually recur, this can hardly be 
consideFod as an unwarrantable assumption. Bat whether it is 
true, we can jadge only by seeing how far the hypothesis accords 
with and explains the general phenomena of nature. On the other 
hand, the ordinary belief that the amount of possible variation is a 
Itriclly limited quantity is likewise a simple assumption. 

Altticmgh nataral Keleotion can act only through and for the good 
of each being, yet characters and stmcturea, which wo are apt to 
consider as of very trifling importance, may thus be acted on. When 
we see leaf-eating insects green, and bark-feedpra mottled-grey ; the 
•Ipine ptarmigan white in winter, the rcd^rouae the colonr of 
heather, we must believe that these tints are of service to these 
birds and insects in preserving thom from danger. Grouse, if not 
destroyed at some period of their lives, would increase in countless 
anmber^ ; ihey are known to suffer largely from birds of prey ; and 
hawks are guided by cyosii^ht to their prey — so much so. that on 
porta of the Continent persons are warned not to keep white 
jngeons, as being the most liable to destruction. Uence natoi^ 
selection might be effective in giving the proper colour to each 
kind ot grouse, and in keeping that colour, when once acquired, 
true and constant. Nor ought we to think that the oocasiocal 
deatmction of an animal of any particular colour would produce 
little effect ; we should remember how essential it is in a fiock of 
whits sheep to destroy a lamb with the faintest trace of black. 
We have seen how the colour of the hogs, which feed on the 
"paint-root" in Virginia, determines whether they shall live or die. 
In plants, the down on the thut and the colonr of the fiesh are con- 
udered by botanists as characters of the most trifling importance : 
yet we hear from an escellent horticulturist. Downing, that in the 
United States smooth -skinned fruits suffer far more from a beetle, 
» Curculio, than those with down ; that purple pluma suffar far 
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1 oertain disease than yellow pinms ; vbareas another 
e Attacks yellow-flesbed peaches f^ more tban those with 
other eolooied fleeh. li; with all th« aida of art, these slight dilTer- 
noes make a great difference in cultiFating tha several ynheties, 
aanredly, in a state of nature, where the trees would hare to 
rtmggle with other trees and with a host of enenucs, guch difier- 
«Dce« would effectunlly settle which variety, whether a smooth or 
domiy, a yellow or purple fleshed fruit, should succeed. 

In looting at many small pointa of difference between speciea, 
which, as far as onr ignorance permits us to judge, seem quite 
vnimportuit, we must not forget thnt climate, food, &c^ bare no 
donbt produced some direct effect. It la also necessary to bear in 
mind Uut, owing t^i the law of correlation, when one part varies, 
d the Tarintions are accumulated through natural selection, other 
kswdificatioits, often of the most uneipected nature, will ensue. 

we see that those variations which, under domestication appear 
y particular period of life, tend to reappear in the offapriiig at 
tine period ; — for instance, in the shape, size, and flavour ol 
Kibe leeds of the many Viirietios of our calinary and agricultural 
■jplants; in the caterpillar and cocoon stages of the varieties of the 
I tfUcwonn ; in the eggs of poultry, and in the colour of the down of 
their chickens ; in the boras of our sheep and cattle when nearly 
adolt ; — BO in a slate of nature, natural selection will be enabled to 
act on and modify organic beings at any age, by the accumulation 

I of variations profitable at that age, and by their inhoritODce at a 
COtKBponding age. If it profit a plant to have its seeds more and 
IIMTa widely disseminated by the wind, I can see no greater diffi- 
«lt7 in this being affected through natural selection, ihiin in the 
Dotton-planter increasing and improving by selection the down in 
the pods on bis cotton-trees. Natural selection may modify and 
adapt the larva of an Insect to a score of contingencies, wholly 
difl«rent from those which concern the mature insect; and theso 
lUodiBcAtioDB may affect, through correlation, the stnicturB of the 
■dttlt. Bo, conversely, modifications in the adult may nlTuct 
the Btmcture of the larva ; but in all cases natural selection will 
■isore that they shall not bo injurious: for if they were bo, the 
■pecica would become extinct. 

Kataral selection will modify the structure of the yocng in relnlion 
to the parent, and of the parent in relation to the youDg. In social 
^iwi^la It will adapt the structure of each individual for the benf Ht 
of the vhoie community ; if the community profits by the seliwItNl 
dkange. What natural selection cannot do, is to modify the striio* 
ta» cf one apeciet, without giving It any advasug^ for tha ^ogil ol 
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another apeciasi and though statcmontB to this eSect nmy be found 
in workfl of natural hiutory, I cannot find oae case wliich will bear 
inveatigatioQ. A structure used ouly occe in an animal's life, if of 
high importance to it, might be modified t« any extent h; natural 
BelectioQ ; for instanoe, the great jawa posBesGcd hj certain insects, 
aaei exolnsively for opening the cocooa — or the bard tip t« the 
beak of imhatcbed birds, used for brcalciog the egg. It baa been 
aaserted, that of the best Bhort-beaked tombler-pigeonB a greater 
number perish in the egg thaa are able to get out of tt ; bo that 
fanciera aasiat in the act of hatching. Noiv if naltire bad tc make 
the beak of a full-grown pigeon very short for the bird's own advan* 
tags, the process of modiGcation would lie very Blow, and tbera 
would be Biraultanoouflly the moat rigorous selection of all ttie 
young birds within the egg, which bad the most powerful and 
hardest beaks, for all with weak beaks would inevitably perish ; or, 
more delicate and more easily broken shells might be selected, 
the thickness of the aliell being known to vary like every other 
structure. 

It may be w«ll hero to remark that with all beings there most be 
much fortuitous destruction, which can have little or no influence 
ou the course of natural selection. For iastanoe a vast number of 
eggs or seeds are annually devoured, and these could be modified 
through natural selection only if they varied in some manner which 
protected them from their enemies. Yet many of those egga or 
seeds would perhaps, if not destroyed, have yielded individuals 
better adapted to their conditions of Ufe than any of those which 
happened to survive. So again a vast number of mature aniniak 
and plants, whether or not they be the best adapted to their con- 
ditions, must be oniiually destroyed by accidental causes, which 
would not be in the least d^ree mitigated by certain changes of 
It oonatitutioQ wbicli would in other ways be beneficbl to 
the species. But let the destruction of the adults be ever so heavy, 
if the number which con exist in any district be not wholly kept 
down by such causes, — or again let the destruction of eggs or seeds 
be so great that only a hundredth or s thousandth part are developed, 
— yet of those which do survive, the best adapted individuals, sup- 
posing that there is any variabiiity in a favonxable direotioa, will 
tend to propagate their kind in larger numbers than the less well 
adapted. If the numbers he wholly kept down by the causes just 
indicated, as will often have been the case, natural selection will be 
powerless in certain beneficial directions ; but this is no valid 
objection to its efBcIency at other tLmes and in other ways ; for we 
ore far from having any reason to suppose that many species evei 
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Sexual Selection. 
InastDQch aa pecnliariliea often ftppear under damestication in one 
NX uid become hereditarily attached to tliat eei, bo no doubt it will 
be under nfttme. Thus it ia rendtred poBnible for the tn-o sexes to 
la modified through nattirsl selection in relation to different habits 
of life, as U sometimes the case ; or for one sex to be modified in 
rdUJon to the other aex, aa commonly occurs. This leads me to 
taj a few words on what I have called Seinal Selection. This form ot 
•electioQ dependa, not on a Btmgglo for eiiatence in relation to other 
CTganio beings or lo Bilemai conditions, hut on a struggle between 
tlie individuals of one Bei, gc-nerally the males, for the poaaeaiion of 
the oUkt sex. The rcsnlt is not death to the ansuccessful com- 
petitor, bnt few or no oSspring. Sexual selection is, therefore, less 
Tigoroaa than natural selection. Generally, the most vigorous males, 
thow which are best fitted for their places in naturo, will leave most 
progni;. But in many cases, victory depends not so much on 
general vigour, as on having special weapons, couGned to the male 
•ex. A hornless stag or spurlcKS cock would have a poor chance of 
leaving numerous oSspring. Sexoal selection, by always allowing 
the victor to breed might sarclj give indomitable courage, lengtii 
to the spur, and strength to the wing to strike in the spurred leg, in 
neftrl; the same manner as does the brutal cockSghter by the care* 
fnl selection of his best cocks. How low in the scale of nature the 
Uw of battle descends, I know not ; mslo alligntors have been 
deacribed as fighting, bellowing, and whirling round, like Indians in 
ft war-danoe, for the iMMtsession of the females; male salmons have 
b«en obaerved fighting all day long; male stag'beetles soroetimee 
bear wounds from the huge mandibles of other males; the mates 
of oertain h)Tiieno])lerous insects have been frequently seen by that 
inimittthle observer M. Fabre, fighting for a particular female who 
rils bf, an apparently unconcerned beholder of the struggle, and 
then retiHs with the conqueror. The war is, perha]is, severest 
between the males of polygamous animals, aiid these seem oflenest 
provided with special weapons. The males of carnivorous animals 
m ftlreftdy well nrmed; though lo them and to othtrs, special 
nea&s of defence may be given through means of sexual soluction, 
■s t)M mane to the lion, and the hooked jaw to the male salmon ; 
far the shield may be as important for victory, as tlia awoid or 
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All tboae who have attended to the mbject, believe that tliere is tlie 
teveieet rivalr7 lietween the malm of many species to attract, hf 
aiii^itg, the females. The rock-thruBh of Guiana, hirds of pamdise, &iid 
le others, congregate; and succeEsive malcti dinplay with the most 
I d^borate care, and show off in the beat msiiner their gorgeons pln- 
tge; they likewise perform attange antics before the females, which, 
ludiug by as spectatorti, at last dionse the most attrsctire partner. 
Those who have cloaely attended to birds in conQnemcnt well know 
that they often take individual preferences and dislikes: thiuSirB. 
Heron has described how a pied peacock was eminently attractivB to 
all bis hen birds. I cannot tiers enter on the necessary details ; but 
if man can in a sboct time give beanty and an elegant carriagB to his 
bantaras, according to his sUmdntd of beauty, 1 can «« no good 
reason to doubt that female birds, by selecting, during thousands o( 
generations, the most melodious or beautiful males, according t« their 
standard of beauty, might prodnce a marked effect. Some well- 
known laws, with respect to the plumage of male and female birds, 
in comparison with the plumage of the young, can partly be ex- 
plained throngh the action of seinal selection on variations occurring 
at diSerent ages, and traoamitted to the males alone or (obothseiea 
at corresponding ages; but I have not epaco here to enter on this 
SQbje«t. 

Thus it is, as I believe, that when the males and females of any 
animal have the same general habits of life, but differ in structnre^ 
colour, or ornament, Each diSerencea have been mainly caused by 
sexual selection: that is, by individual males having bad, in suc- 
cessive generations, some alight advantage over other males, in their 
weapons, means of defence, or charms, which they have transmitted 
to their male offspring alone. Yet, 1 would nut wish to attribute all 
sexual differences to this agency : for wo see in our domestic animab 
poculiarities arising and becoming attached to the male sex, which 
apparently have not been augmented through selection by mnn 
The tuft of hcur on the breast of the wild turkey-cock cannot be of 
any use, and it is doubtful whether it can bo ornamental in the eyes 
of the female bird ; — indeed, bad the tuft appeared tinder domeetica- 
tion, it would have been called a monstrosity. 

JUiutratiorit oflht Action of Natural Selection, or the Survival 
(f the FUtttt. 

In order to moke it clear bow, as I believe, natural selection act^ 
I must beg permission to give one or two imaginary illustrations. 
Let US take the case of a wolf, which preys on various animals, 
Hcnring some by craft, some by strength, and some by fi 
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) let HI mppote thkt the fleeUat prey, a deer for inatuiee, had 
m inj change in the coonti^ increaaed ia DombeTS, or thftt oihci 
J h«d decreased in nomber^ daring that seasou of the yeatithca 
flu wolf was hatdest pteoed for food. Under nch circumsiancea the 
»iftcst and ilimmMt wolves wonld have the ben chance of mrriT- 
Ug,ai]d ao be preterved or aelecled, — proTided alwajra that they 
nttincd Btrength to muter their pre; at this or some other period of 
Itm jeM, whea they were cctopelled to prey on other animals. I can 
Me oo more itMon to doubt that this would he the result, than that 
mm should be able to improTe the fieetcess of hie greyhounds by 
Mirf il an d metbcdiol lelecCtoii, or by that kind of tmoonsciona 
'lich follows from each maa trying to keep tha best doga 
r thought of modifytDg the breed. I may add, ths^ 
r. Pierce, there are two varittieaof the wcdf inhalntiug 
II M oontains in the United States, one with a light giey- 
i form, which pursues deer, sud the other more bulky, 
ter t^s, which more frequently attacks the shepherd's 

id be observed that, in Ihe above illnstmlion, I speak of 
i alimmest indindnal wolves, and not of vij sngle itroDgly- 
d varistion having been preserved. In former editions of this 
[ sometimes spoke as if this Utter alternative had treqnently 
I saw the great importance of individanl dtCferencea, and 
[le fnlly to diccuss the resulU of nnconscioos selection by 
ch depends on the prtaervalion of all the more or less 
« individuals, and on the destruction of the worst I saw, 
^llw preservation in a slate of nalurc of any occasional 
^f Hmctnre, such as a monetrowty, would be a rare event; 
t »i 6at preserved, it would §!enerally be lost by subee- 
g with ordinary individuals. Nevertheless, until 
n able and valuable article in the ' North British Review ' 
), I did not appreciate how rarely ^ngle variations, whether 
ir atrongly-maiked, could be perpetuated. The aathor takes 
« of a pair of an ; ma la, producing during their lifetime two 
d offspring, of which, from various causes of destruction, only 
no on aa average survive to pro-creato their kind. This is rather 
aa extntne estimate for most of the higher auimals, hut by no means 
•0 ix many of the lower oi^nisms. He thun sliows that if a single 
iodividual were bom, which varivd in some manner, giving it twice 
d a chance of life as that of [be other individuals, yd the 
) would be sUongly aiiainst its suriivsJ. Supposing it to 
Tive and to breed, and that half ltd young inherited the favour- 
is THiation ; still, as the Ueviewer goes on to show, the young 
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would bare only a slightly better chance of Borviving and breeding ; 
and this chance would go on decreasing in the succeeding geneim- 
tiong. The justice of these remarka cannot, I think, bo dispnted. 
If, for infitance, a bird of eome kind eoiild procure its food more 
easily bj' having its beak curved, and if one were born with its beak 
strongly corred, and which consequently flourished, neverthEleas 
there wonld bo a very poor chance of this one individual perpetuat- 
ing its kind to the esclusioa of the common form ; but there can 
hardly be a doubt, judging by what we see taking place mider 
domestication, that this result would follow from the preservation 
during many generations of a large number of individuals with more 
or less strongly curved beaks, and from the destruction of a still 
larger number with the sttaightest beaka. 

It should not, however, be overlooked that certain rather strongly 
marked variations, which no one would rank as mere individna] 
difierences, frequently recur owing to a similar organisation being 
similarly acted on, — of which fact numeroua instances could be 
given with our domestic productions. In such cases, if the vaiyiag 
individual did nol actually transmit lo its offspring its newly-acquired 
oharacter, it would undoubtedly transmit to them, as long as the 
eiisting coudilions remained the same, a still stronger tendency to 
vary in the same mauner. There can also be little doubt that the 
tendency to vary in the same manner has often been so strong that 
all the individuals of the same species have been similarly modified 
without the aid of any form of selectioiL Or only a third, fifth, or 
tenth part of the individuals may have been thus affected, of which 
tact several instanceB could be given. I'hus Grabn estimates that 
about one-fifth of the guillemots in the Faroe Ishinds consist of a 
variety so well marked, that it was formerly ranked as a distinct 
species under the name of Uria lacrymnns. In cases of this kind, if 
the variation were of a hcueRcial nature, the original form would 
soon be supplanted by tlie modified form, through the snrvival of 
the fittest 

To the effects of intercrossing in eliminating variations of all 
kinds, I shall have to recur ; but it may be here remarked that 
most animals and plants keep to their proper homes, and do 
cot needlessly wander about; we see this even with migratory 
birds, which almost always return to the same spot. Consequently 
each newly-formed variety would generally be at first local, as seem.i 
to be the common rule wilh varieties in a state of nature ; so that 
similarly modified individuals would soon exist in a small body 
together, and would often breed together. If the new variety were 
snocessful in itf battle for life. It would slowly spnad from a central 
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district, competing with and coDqnering the UDchangod iodiridnala 
on the mnrginB of an ever-increaBing circle. 

It may be worth while to give another and more complex illus- 

ttmtioD of the action of natural eoleotion. Certain plants excrete 

■weetjnioe, apparently for the saka of eliminating Bomething ia- 

Jorions from the sap : this ia effected, for instance, by glands at tlie 

but of the stipnlea in some L^mniiu»:B, and at the bncks of the 

Icarea of the common laureL This juice, though small in qoontity, 

b greedily loaght by insects; bat their visits do not in any ny 

benefit the plant. Now, let as suppose that the juice ot nectar wu 

ucreted from the inside of the flowers of a ceitAin number of plants 

I «t any species. Insects in seeking the nectar would get dusted with 

I pollen, and would often transport it bom one flower to another. 

\ The flowers of two distinct individuals of the same specie* would 

I tboa get cnnsed; and the act of crossing, u can be fally jiroved, 

0ve* rise to vigorous seedlings, which conseqnenily woald have the 

beat chance of fionrishi:^ and surviving. The plants which prodaced 

fiowen with the lai^est glands or Declariee, excreting moat nectar, 

' woold-ortennt be Tinted by iiiBects, and would ofCeDert be ooaed ; 

I and so in the long-run would gain the nppcr band and fcnn a local 

F 'vmriety. The flowers, also, which had their Btamens and jittHa 

I placed, in relation to the size and habits of the particnlar insect 

L 'Which Tisitod them, so as to favour in any dc^^ee the transportal of 

f file pollen, would likewise bo favoured. We might have taken the 

M of insects visiting flowers far the sake of collecting pollen in- 

•d of nectar; and as pollen is formed for the sole pnrpcee of 

I fertilintion, its di^struction appeals to be a simple loss to the plant ; 

yet if a little pollen were carried, at first occasionally and then 

I habiloally, by the pollen-devouring insccta from flower to flower, 

~ ■ cross thus effected, sllhough nine-tenths of the pollen were 

I deatroyed, it might still !» a great gain to the plant to be thus 

I nbbed; and the individuals which produced more and more pollen, 

and had larger anthtTS, would be selected. 

When our plant, by the above process long continued, had been 
rendtnd highly attractive to insects, they would, unintentionally on 
their part, regularly carry pollen from flower to flower; and that 
ttieydo this effectually, I could easily show by many atrikiDg facta, 
f I will give oiily one, as likeivtse illustrating one step in the lepcra- 
I Hon o( the sexes of plants. Some holly-trees bear only male flowers, 
Wbkh have foiir smmena producing a tathiir Huall quantity of 
poUeo, and a rudimentary pistil ; other holly-trees boar only female 
flowen; these have a full-sized pistil, and four stamens with 
ituiTsUed anthers, in which not a grain of pollen can bo detected 
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Having found a feraala tree eractly sixty yarda from ft male trecL I 
put llie sligroaa of twenty flowers, taken from different branches, 
under the microscope, aod on all, withoat exception, there were a 
few pollen-graina, aud on some a profusion. As the mad had let 
for several days from the female to the male tre«, the pollen ooald 
not thoa have been carried. The weather bad been cold ud 
boisterous, and therefore not favourable lo bees, nevertheless every 
female flower which I examined bad been efiectually ferlilbed by 
the bees, which hod flown from tree to tree ia search of nectar. But 
to return to onr imagiuary case; as soon as the plant bad been 
rendered so highly attractive to iaeooU that pollen was resnhirly 
carried from flower to flower, another process might commence. No 
naturalist doubts the advantage of what has beeo called the "physio- 
logical division of labour ; " hence we may believe that it would be 
advantageous to a plant to produce stamena alone in one flower or 
on one whole plant, and pistils alone in another flower or on another 
plant. In pWts under culture aud placed under new coDditions ot 
life, Bometimea the male organs and sometimes the female organs 
become more or less impotent ; now if we suppose this to occur in 
ever so alight a degree under natnre, then, aa pollen ia already 
carried regularly from flower to flower, and aa a more complete sepa- 
ration of the sexes of our plant would be advantageous on the prin- 
ciple of the division of labour, individuals with this tendency more 
and more increased, would be coutinuatiy favoured or aelected, 
until at last a complete separation of the sexes might be effected. 
It would take up too much space to show the varioos steps, 
through dimorphism and other means, by which the separation of 
the sexes in plants of various kinds is apparently new in progressi 
but 1 may add that some of the speciea of holly in North America, 
are, according to Asa Gray, in an exactly tnlermodiate condiiion, or, 
as he expresses it, are more or leas dlo^ciously polygamous. 

Let us now turn to the nectar-feeding insects ; we may suppcee 
the plant, of which wo have been slowly increasing the nectar by 
continued selection, to be a common plant; and that certain 
insects depended in mahi part on its nectar for food. I could give 
many facts showing how anxious bees are to save time : for 
instance, their liabit of cutting boles and sucking the nectar at 
the bases of certain flowera, which with a very little more trouble, 
they can enter by the mouth. Bearing such facts in mind, it may 
be believed that under certain circumstances individual differences 
in the curvature or length of the proboscis, &c., loo alight to b« 
uppreciated by as, might profit a bee or other insect, ao that 
certain individuals would be able to obtain their food more quickly 
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t tiosed preservation of tU the indiTidiiala which pieeented dight 
LdertotiMi* of itmctnre mntoally fiiToimble to eedi othcc 

I am well aware that thia doctrue of oatmal aelection, exempli- 

din the above imaginary imtanoee, Uopoo totheaaBeotjectiMU 

^hidi were first urged against Sir Charlca Lyell'a noble viewi oa 

'• modem changes of the earth, aa ilhutrktive of geology;' tat 

n BOW aeldom hear the ageociei which we aeeetiD at work, apokoi 

la brifiioff or inaigDificsmt, when need in fTriatning the cxcavatieQ 

[ the deepeat ToUeya or the formation <j long tinee of inland 

Natural aelection acta only by the preeerration aodaeomnH 

I lalioii of small ioherited modification*, each ptoStaUe to the pc»- 

' aerred being ; and as modem gedogy has almoat bantobed moh 




views ftB the cxcaTation of a great yailej by s single diluvial wave, 
SO will natural selection banish the belief of tbs contioucd creation 
of naw orgaoio beings, or of any great and sudden modification in 
their strnclure. 

On tht Interaromiag <f Individuals. 

I must here introdace a short digression. In the case of 
and plants with separated sexes, it a of course obvious that two 
individuals niust always (with the exception of the carious and 
not well-understood cases of parthenogenesis) unite for each birth ; 
but in the case of hermaphrodites this is far from obviooa. 
Nevertheless there is reason to bolicTe that with all hermaphrodite* 
two individuals, either occasionally or habitually, concur for the 
reproduction of their kind. This view was long ago doublfuUj 
suggested by Sprengel, Knight and Kfllrenter. We shall presently 
see its importance ; but I must here treat the subject with extreme 
brevity, though 1 have the materials prejiared for an ample dis- 
coBuon. All vertebrate animals, all insects, aud Bome other large 
gToup§ of animals, pnir for each birth. Modem resoarcli has raach 
diminished the number of snppoaed hermaphrodites, and of real 
hermaphrodites a large number pair ; that is, two individuals 
regularly unite for reproduction, which is all that concemB ns. 
Bat still there are many hermaphrodite animals which certainly do 
not habitually pair, and a vast majority of plants are hermaphro- 
dites. What reason, it may bo asked. Is tiiere for supposing in 
these cnsos that two individnals ever coucar in reproduction? As 
it is impOBsiblo here to enter on details, I moat trust to some 
general considerations alone. 

In the first place, I have collected so large a body of facts, and 
made » many experiments, showing, in accordance with the almost 
universal belief of breeders, that with animals and plants a cross 
between different varieties, or between individuals of tbo same 
variety but of another strain, gives vigour and fertility to the off- 
spring ; and on the other hand, that close interbreeding diminishes 
vigour and fertility ; that thess tacts alone incline me to believe 
that it is a general law of nature that no organic being fertiiiaes 
itself for a perpetuity of generations ; bat that a cross with another 
individual is oocaaionally — perhaps at long intervals of timo^ 
indispensable. 

On the belief that this is a law of nature, we can, I think, under- 
stand several large classes of facts, aiich as the following, which 
on any other view are ineiplicable. Every hybridiier knows how 
oufarourable eiposare to wet is to the fertilisation of a flower, yet 
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wbfli a mnltitDide of flowata ha** Ibor aBtb«n and 
exposal to the weatbtfl If aa 
aaCsithstaadifig lift iha ^ant'a own aatbcn and {iatil cund 
oear e«ch other u almoat to amre aetf-twtilJMtinB. tbe fallctt 
freedom for tfaa entMno* of pollea fana uMbia iBdindnal will 
eipUta the abort itala of exposnra of iha O^uwl Hanj Bowo^ 
oo the other li&nd, han thor ot^oa of fneHietiioa claariy 
encloaed, «« in the great paptlionacttjaii at pea-bmUj; tot theaa 
almost iiiTariibl; preasut bea&tifal and cnrioos adaplatioM m 
retatioa to the lisiu of iuecta. So neceBarr an tba riaita d beaa 
to ttimaj papilionaceooa fiowcra, that theii feitilitT U greatljr dimi- 
liiihed if these vUits be [ffevented. Now, it U icanelj potKble lot 
imecta to &y fram Sower lo Sower, and oot to carry pcdlen from 
one to the other, to the great good of the [daiit. Ltaecta act like a 
camal-hur peikcil, and it ia mfficient, to etisnre lerliJuation, jnat to 
toncb with the same brosh the authera of one Sower and tluo the 
atigma of another ; but it must not be aoptnaed that ba« wonU 
thna jaodnce a multitude of by brida between distinct apeciea ; for if 
■ jiua't own poUen uid Hat Irom icother ipedet m plued on 
tha Mma adgma, tbe former ia so prepotent th«t il invariably and 
eonplatdf deatroya, aa haa been ihown by Glrtner, the infiuenoe 
of the foreigD pollen. 

When the Btameng of a fiowcr loddeiily apring lowardi the pistil, 

or abwly moTe ooe after tbe other towards it, tbe cODtrivanM 

aeama adapted solely to eosore self-fertilisation ; ami no doubt it ia 

narfnl for this end : but the agency of insects is orten required to 

canaa the stamena to spring forward, aa Eolieuter has shown to be 

the eaae with the barberry ; and in this very genusi, which aeems to 

hftTA • ipecial contrivance for self-fertiliaatiiw, it is well known 

tha^ if oloaely-allied forma or Tarieties are planted near each other, 

il la hardly possible to raise pure seedlinga, co lar^ly do they 

flalnnlly croas. In munerous other caaea, far from aelf-fcrtitiaation 

Wag bTOored, there ore special ooottivancea which effectually 

r perent the stigma receiving pollen from ita own flower, as I coold 

I diow from the works of Spreugel and otberi, as well aa fnm my 

I own obaervatioDS : for instance, in Ijihi-lin fnlgena, there is a really 

I beanliAtl and elaborate contrivance by which all the infinitely 

m poUen-gtanulei ate swept out of the conjoined anthers of 

Il Sower, before the stigma of that iuditidoal fiower ia ready to 

dTO tbem ; and aa this Bower ia never visited, at least in my 

I pricn, by inaecta, it never sets a seed, though by placing pollen 

I ban one Sower on lite stigma of another, I raised plenty of seed- 

' Br ipeciea of Lobelia, which is visiled by beea, seeds 
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freely in myEarden. In very many other caaea, though there is no 
special ni«cnanical contrivnnce to prevent tho stigma receiving 
pollen from the sume flower, yet, as Sprengel, and more recently 
midehiand, and others, h&ve shown, and as I con confirm, either 
the anthers hurst hofore the stigma ia ready Tor fcrtiliHntion, or the 
stigma is read; before the pollen of that flower is ready, so that 
these BO-uamwl dichogamoua plants have in fact eeporatcd sexea, 
and must babltuall; be crossed. So it is with the reciprocally 
dimorphic and trimorphic plants previously alluded to. How 
strange ore these facts ! How stmnge that the pollen and sligmatio 
surface of the same fiower, though placed so dose t<^ether, as if for 
the very purpose of self-fertilisation, should be in so many cases 
mulnally useless to each other? How simply are tticse facta ex- 
plained on the view of an occasional cross with a distinct individuai 
beiag advontageons or indispensable I 

If several varieties of the cabbie, radish, onion, and of some 
other plants, be allowed to seed near each other, a large majority of 
the seedlings thus raised turn out, as I have found, mongrels: for 
instance, I raised 233 seedling cabbages from some plants of different 
varieBes growing near each other, and of these only 78 were true to 
their kind, and some even of these were not perfectly tnie. Tet 
the pistil of each cabbage-flower is enrrotinded not only by ita own 
six stamens, but by those of the many other flowers on the same 
plant i and the pollen of each flower readily gets on its own stigma 
without insect-agency ; for I have foand that plants carefully 
protected from insects produce the full number of pods. How, 
then, comes it that such a vast number of the xcedllngs are mon- 
grelized ? It mtuit arise from the pollen of a distinct variety having 
a prepotent effect over the flower's own pollen ; and that this is 
part of the general law of good being deriveii from the iatercroasing 
of distinct individuals of the same species. When distinct sptciet 
ore crossed the case is reversed, for a plant's own pollen is almost 
always prepotent over foreign pollen ; but to tbia subject we shaU 
retmn in a future chapter. 

Id the case of a Inrge tree covered with innumerable flowers, it 
may be objected that pollen couW seldom be carried from troa to 
tree, and at most only from flower to flower on the name tree ; and 
flowers on the same tree con be considered as distinct individoals 
only in a limited sense. I believe this objection to be valid, but 
that nature his largely provided against it by giving t« trees a 
strong tendency to bcnr flowers with separated sexes. XVhen the 
sexes ate separated, although the male and female flowers may bo 
pioduoed on the same trea, pollen must be regularly carried from 
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floner to flower; and this will give a better charco of poUen being 
occftsionttlly carried from tree to tree. That trees belongiog to all 
Orders have their Benea more often seimraled than other planta, I 
find to be the oaae in thia country ; and at my reijueat Dr. Hooker 
UbnUUd the trees of New Zealand, and Dr. Asa Gray those of the 
United Stales, and the result was aa I anticipated. Od the other 
hand, Dr. Hooker informs me that tho ruie does not hold good in 
Australia ; but if mdst of tho AQstraliaa trees are dichogamous, the 
mne resnlt wouid follow oa if they bore flowers with separated 
MxeB. I hare mode these few remaiks on trees simply to call 
■itt«otioii to the subject. 

Turning for a brief space to aniranis : various terrestrial species 
an hermaphrodites, such as the land-mdlusca and earth-worms; 
bat these all pair. As yet I have not found a single terrestrial 
aainud which can fertilise itself. This remarkable fact, which oSera 
WBtTongacootTOBt with terrestrial plants, is intelligible on the view 
of an occasional cross being indispensable ; for owing to the nature of 
tha fertiliaing element there are no means, analogons to the action 
bt insects ftnd of th« wind with plants, by «bieh (lq oCcaalonal Crou 
oottld be effected with terrestrial animals without the coDCurrmce of 
two kidividuaU. Of aquatic animals, there are many self- fertilising 
betmapbrodites ; but here the currents of water offer an obTious 
lUEana for an occasional cross. As in the case of Bowers, I have as 
yet Euled, after consultation with one of tho highest authorities, 
nsmely. Professor Huiloy, to diacover a single hermaphrodite animal 
with the organs of reproduction so perfectly enclosed that access 
from without, and the occasional iuflnenoe of a distinct individual, 
caaba shown to be physically impossibla. Cirripedes long appeared 
tomato present, under this point of view, a caseof great difficulty; 
Imt I have been enabled, by a fortunate chance, to prove that two 
IndiTidlisb, though both are self-fertilising hermaphrodites, do 



t most have stmck most naturalists as a strange aoomaly that, 
liaUi with animaiB and plants, some species of the same family and 
vna of Uw some genus, though agreeing closely with each other in 
Am whole organisation, are hermaphrodites, and some unisexaaL 
Bnt i^ in fact, all he rm aphrodites do occasionally intercross, the 
alifliBmice between them and unisexnal species ts, as far as function 
ia oonoeraed, very small. 

From tiicsfl several considerations and from the many special 
beta which I have collected, but which I am unable here to give, 
it appears that with animals and plants an occasional inteicrosa 
between distinct individuals is a very genorul, if not tuuversol, Iftvi 
of aatnie. 
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CirewnOaiKeM favoitrabh for the production of ntw form 
through Nalaral Seteititm, 

This i« an estremely intricate Bubject. A great anioniit of varia- 
bility, imdec which term indiriiual differencea nra alwnys inclnded, 
will evidently be favourable. A large number of individuals, by 
giving a better chance within any gi^an period for the appeaiancs 
of profitable variations, will compensate for a leaser amount ol 
variability in each individual, and is, 1 believe, a highly important 
element of success. Thongh Nature grants long periods of time fi» 
the work of natural selection, she does not grant an indefinito 
period ; for as all o:^anic beings are atriviug to seize on each place 
in the economy of nature, if any one specieii does not become modi- 
fied and improved in a corresponding degree with its competitors, it 
will be exterminated. Unless favourable variations be inherited by 
some at least of the ofTsprlng, nothing can be efiected by natnnl 
selection. The tendency t« revenion may often check or prevent the 
work ; but as this tendeocy has net prevented man from forming 
by salcctioti numerous domeatio races, why shoiild it prevail agaiut 
natural selection? 

In the case of methodical selbction, a breeder selects for some 
defioitu object, aud if the individuals be allowed freely to intercrooi, 
his work will completely fail. But when many men, without 
intending to alter the breed, have a nearly common standard of 
perfection, and all try to procure and breed from the best animaUj 
improvement surely but slowly follows from this nnconsdons 
process of selection, notwithstanding that there is do separation of 
selected individuals. Thus it vrill be under nature; for within a 
confined area, with some place in the natural polity not perfectly 
occupied, all the individuals varying in the right direction, tlin ngh 
in different degrees, will tend to be preserved. But if the area be 
large, its several districts will almost certainly present different 
conditions of life j and then, if the same species undergoes modiS- 
cation in different districts, the newly-formed varieties will intercroM 
on the conBoes of each. But we shall see in the sixth chapter that 
inlermodiate varieties, inhabiting intermediate districts, wiU in the 
long run generally be supplanted by one of the adjoining varieties. 
Intercrossing will chieSy affect those animals which unite for each 
birth and wander much, and which do not breed at a very quick 
rate. Ilenoe with animals of this nature, for instance, birds, 
varieties will generally be confined to separated countries; and this 
1 find to be the case. With hermaphrodite organisms which cross 
only occasionally, and likewise with pTiinmla which unite tot eaoh 
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I, but whicb ivimiler little and can increase nt a rapid rale, a 
nf and improved variety might be quickly formed on any one 
^I, and migbt tbere maiQUia itself in a body and aftcnvartlB 
that the individuals of the new variety would chiefly 
tB together. On thia principle, nurserymen always prefer Baring 
1 from a large body of plants, as tho chance of intercrossing is 
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b animals which unite for each birth, and which do not 
« repidly, we must not assume that free intercrossing would 
B the effects of natoial selection ; for I can bring 
d a considerable body of facta showing that within tho same 
i varieties of the same aoimal may long remain distinct, 
u haonting different stationa, from breeding at slightly different 
r from the iadividuals of each variety preferring to pair 
f together. 

Interdossing plays a very imporlaiit part in nature by keeping 
~*ie individuals of tku some epecica, or of the same variety, true and 
n character. It will obrioosly thus act far more efficiently 
h those aoiinals which unite for each birth ; but, m already stated, 
vbave reason to believe tliat occasional ititcrciossee take place with 
D animals and plants. Even if these tafee place only at long inter- 
Is of Ume, the young thus produced ivill gain so much iu vigour 
d fertility over tho offspring from long-continued sslf-fGrtilisatiou, 
It tbcy will have a better chance of surviving and propagating 
ir kind ; and thus, in tho long run, lliu influence of crosses, even 
s intfrvals, will bo great. With respect to organic beings 
tKtrexaely low in the Bcnle, which do not propagate sexually, uor 
B, and which cannot possibly Intercross, uniformity of cha- 
be retained by them under the same conditions of life, 
nly Umragh the principle of inheritance, and through natural selcc- 
n which will destroy any individuals departing from the propel 
If the conditions of life changoand the form undergoes modiS- 
1, uniformity of character can be given to the modified offspring, 
y Dstural selection preserving similar favourable variations. 
1 important element in tho modification of 
s through natural selection. In a confined or isolated area, it 
f large, tho organic and inorganic conditions of bfe will 
J be almost uniform ; so that nnturu! selection will tend to 
J all the varying individuals of the Biiine species in tbo same 
Intercrossing with the inhabittints of the surroonding dis- 
a will, also, bo thus prevented. Moritz Wagner has lately pub- 
i an iatcreatitig essay on this subject, and has shown that the 
» rendered by isolation in preventing crosses between newly. 
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/urmed varieties is probdbly greater even than 1 sopposed. But 
from rensona alrtiidy asaigutd I can by no means ogroe with this 
iiaturabst, that migration and isolation are necessary elements tot 
the formation of new species. Tho importance of isolation is like- 
wise great in preveDtin^, after any physic^ change in the condilioni, 
Kiich as of climate, elevation of tbo land. Sec., the immigration of 
butter adapted oi^anisms; and thus new places in the mitnral 
economy of the district will be left open to bo filled up by the 
modification of the old isliabitants. Lastly, isolation vrill give tirae 
for a now variety to be improved at a slow rate; and this may some- 
times bo of muci importance. If, however, an isolated area bo very 
smftU, either from bcinj; Bmromided by barriers, or from having very 
])cculiar physical conditions, the total number of the inhabitants 
will be small ; and this will retard the production of new species 
through natural selection, by decreasing the chances of favourable 
vnrintiona arising. 

lliemere lapse of time by itself does nothing, either for or against 
natural selection. I stato this because it bos been erroneously 
asserted that the element of time has been assumed by mo to play 
an all-important part in modifying species, as if all tho forms of Ufe 
wore necessarily undergoing change Uirougb some innate law. Lapse 
of time is only so iiu important, and its importance ill this respect 
is great, that it gives a better chance of beneficial voriatioaa arising, 
nnd of tlieir being selected, accumulated, and fixed. It hkewise 
tends to increase the direct action of the physical conditions of Ufa, 
in relation to the constitution of each organism. 

If we turn to nature to test tbe truth of these remarks, and look 
at any small isolated area, such as an oceanic island, although tlio 
number of species inhabiting it is small, as we shall sec in our 
chapter on Oeographical Distribution ; yet of these species a very 
l.irge proportion are endemic, — that is, have been produced there, 
and nowhere else in the world. Hence an oceanic island at first 
sight flooms to have I>een highly favouiablo for the production of 
DOW spedcs. But we may thus deceive ourselves, for to ascertain 
whether a small isolated ares, ot a large open area like a continent, 
has been most favourabli! for the produolion of new organic fomu^ 
wo ought to make the cumparison within equal times; and this we 
are incapable of doing. 

Although isolation is of great importance in the production of new 
spociee, on tho whole I am inclined to believe that lai^aness of area 
is still more important, especially for the production of species which 
shall prove capable of endnrius for a long period, and of spreading 
Widely, Thio'.ighout a great and open area, not only will tiiereboa 
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I brtter cbscce of farourable variations, Biiaittg from tLc Itirge nmnber 
lorindiTidaals oCilie same species there supported, but the conditions 
I of life ue mucli mora complex frora the large number of already 
r aiJEtiiig species ; and if some of these luaiijEpeciesbccomsmodified 

d improved, others will hsve to be improved in a corresponding 
L degree, or tbejr will be eiteraunated. Esch new form, also, as soon 
Lm it has been much Improved, will be sbie to spread over the open 
[md continuous area, and will thus come into competition with 
J other forms. Moreover, great areas, though now contlnnons, 
I will often, owing to former oscillationB of level, have CTisted in a 
f If^en condition; so that the good effects of isolation will generally, 

> a certAin extent, have concurred.. Finally, I conclude that, 
I 'although small isolated areas have been In some respects highly 

■ fcTonrable for the production of new spocieB, yet that the course of 
L Bkodifieation will generally have been more rapid on Largo areas ; 
r and what is more important, that the new forms produced on large 
I areas, which already have been victorious over many competitors, 
E will be those that will spread most widely, and will give rise to the 
p greatest Dumber of new variiitica and species. Tbcy will thus play 

lore Important port in the changing history of the organic 
I World. 

In accordance with this view, we can, perhaps, understand some 

Ucta which will be ngiun alluded to in our chapter on Get^raphical 

Dbtribntion; for instance, the fact of the prOductioDs of the smaller 

ooBtinent of Australia now yielding before those of the larger 

Enropeo-Asiatic area. Thus, also, it is that continental productions 

hare everywhere become so largely naturalised on islands. On a 

snaU Uhuid, the race for life will have been less severe, and there 

vriil bare been lees modification and less extermination. Bence, we 

[ can undeistand how it is that the flora of Modeim, according to 

[ Oswald Heer, resembles to a certain extent the exlinct tertiary flora 

I af Europe. All fresh-water basins, taken together, make a small 

la compared with that of the sea or of the land. Consequently, 

M oompetition between fresh-water productions will have been less 

irere than elsewhere ; new forms will have been then more slowly 

I pradnoed, and old forms more slowly exterminated. And it is in 

f tresh-water basins that we find seven genera of Ganoid fishes, 

Hants of a once preponderiint order i and in fresh water we And 

« ot the most anomalons forms now known in the world, as the 

r Omithorhynchns and Lcpidosiren, which, like fossils, conuect to a 

ain extent orders at present widely sundered in the natural 

I acale. These anomalous forms may be called living foEsils; they 

I bave endured to the present day, from having inhabited a confined 

a 1 
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oran, and ^m liaving been expoaed to less vaiied, and therefomloB 

severe, competitioa 

To Bum Dp, as far aa the extreme intricacy of the snVject penults, 
the circumstances favoorahle and onfaTOurable for the production of 
new species through natural selection. I conclude that for terrestrial 
productions a largo continental area, which has undergone many 
Ofloillations of lerel, will have been the most favourahio for the pro- 
dnction of many now forms of life, fitted to endure for a long time 
and to spread widely. Whilst the area existed as a continent, the 
inhabitants will have been numerous in individuals and kinds, and 
will hive been subjected to severe competition. When converted 
by subsidence into large lieparate islands, there will still have existed 
many individuals of the same species on each island : intercrossing 
on the confineij of the range of each new species will have been 
checked : after physical changes of any kind, immigration wUt havo 
been prevented, so that new places in the polity of each island will 
have had to ho filled up by the modification of tho old inhahitantd ; 
and time will have been allowed for the varieties in each to become 
well modified and iierfdcted. When, by renewed eleTstion, the 
islands were reconverted into a continental area, there will again 
have been very severe competition : the moat favoured or improved 
varieties will have been enabled to spread : there will have been 
much extinction of the less improved forms, and the rolaUve propor- 
tional numbers of the various inhahitanta of the reunited continent 
will again have been changed ; and again there will have been a fair 
Geld fur natural selection to improve still further the inhabitants, 
and thus to produce now species. 

Thai natural selection generally acts with extreme slownessi fully 
admiL It can act only wbcn there are places in the natural polity 
of a district which can bo better occupied by tbo modificatiOQ of 
Bome of its existing inhabitants. The occurrence of such places will 
often depend on physical changes, which generally take place very 
slowly, and on the immigration of better adapted forms being pre- 
vented. As Gome few of the old inhabitants become modified, 
the mutual relations of others will often be disturbed ; and this 
will create new places, ready to be filled np by better adapted forms; 
but all this will take place very slowly. Although all the indi- 
viduals of the same species differ in some slight degree &om each 
other, it would often be long before differences of the right nature 
in various ports of the organisation might ooenr. The result wonld 
ottun be greatly retarded by free intercrossing. Many will exclaim 
that these several causes are amply sufficient to neutralise the power 
of natural selection. I do not believe so. But I do believe that 
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mtim! telectioD will generally act very slowly, only at long intervals 

or lime, and only on a Tow of the inliabitauts of the bhiho regicn. 1 

fiirtlicr beliove that these slow, inteiDuttent results accord well 

KVith what geology tells us of tbc ralu and maimer at which the in- 

p»bitanLs d( the irorld hare changed. 

Slow though the process gf selection may be, if feeble man can 

Cdo mDch by ailificial eelectiou, 1 can see no limit to the amount of 

i, to the beauty and complexity of the coadaptationa between 

U orguiic bdngB, one with oouther aod with their phyncol con- 

EditionB of life, which may hare been elTeated in the long oonrw of 

» tttrongh nature's power of Mloctiun, that in by the eomTal 

iltheettML 

Extinction earned hy Natural Selection. 

Thia nibject will be more fully disctused in ottr chapUr on 

t Oeology I but it most here bo alluded to from being intimately con- 

d with natural selection. Natural selection acts solely through 

I tbo pteaervation of Tariations in some way advantageous, which 

L WSM^iuntly endure. Owing lo the high geometrical rat* of increase 

r of all organic beings, each area is already fully stocked with inbabit- 

md it follows from Uiis, thatoa the favoured fonns increase in 

number, so, generally, will the less favoured decrease and become 

nic; lUrity.a* geology tells US, is the precursor to eitinction. We 

cut Ne that any form which is represented by few individuals will 

ran A good chance of utter extinction, dnring great tluctuBtlons in 

ibe Dfttore of the seasons, or from a temporary increase in the nnmber 

of ita enemiea. But we may go further than this ; for, as new forma 

on prodiicod, unless we admit that specific forms can go on indefi- 

nitaly increasing in number, many old forms must become extinct. 

ThU th» number of s[>ccific forms has not indefinitet; increased, 

gaology plainly tells us ; und we shall presently attempt to show 

iri^ it is that the nunilier of species thtoughont tha world has not 

become immeasurably great. 

Wo have seen that the Bi>ecies which ore most nmnerous in indi- 
viduals have the best chance of producing favourable variations 
within any given period, \^'e have evidence of this, in the focts 
stated in the second chapter, showing that it is the common and 
diffnsed or dominant species which offer the great«it number of 
recorded varieties. Hence, rare ejiecics will be less quickly modified 
or improved within any given period ; they will consequently be 
beaten in the race for life by the modified and improved descendants 
of the commooer species. 

From these several consideiations I think it isevilablf foUowa^ 
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that as new Epeciea in the coarse ef time are furmml through natiml 
BelactioQ, others will become rarer anil rarer, and finally extinct. 
The Ibrms which stuDd in closest competition with those undergoing 
modiflcation and improvement, will naturally fluffer moat, Aod »e 
have seen in the chapter on the Struggle for Eiistcnce that it ie the 
moat closely-allied fonoa, — varietiea of the same species, and Hpeciea 
of the same genos or of related genera, — which, from having neatly 
the same stracture, conatitution, and habita, gfrterolly cone into 
the aeTerest competition with each other; consequently, each new 
variety or Hpecies, during the pn^ess of its formation, will generally 
press hardest on its nearest kindred, and tend to eztenninato them. 
We see the same process of extermination amongst our domosticaled 
productdooB, through the selection of improved forms by man. 
Many curious instances could be given showing how quickly new 
breeds of cattle, sheep, and other animals, and varieticii of Sowers, 
take the place of older and inferior kinds. In Yorkshiro, it u 
historlcoliy known that the ancient black cattle were displaced by 
the loDg-boms, and that these "were swept away by the sbort- 
Doms" (I quote the words of an a^cultmsl writer) " as if by SMne 
Qiarderous pestilence." 

Divergence qf Character, 
The principle, which I have designated by this term, is of high 
importance, oud explains, as I believe, several important facts. In 
the first plao^, varieties, even strongly-marked ones, though having 
■omewhst of the character of species — as is shown by the hopcliss 
donbla in many cases how to rank them — yet certainly differ far 
less from each other than do good aod disiincc species. Sevcrthe- 
toss, according to my view, varieties are species in the process of 
Ibnnation, or are, as I have called them, incipient species. How, 
llien, docs the leaser difference between varieties become aogmentod 
into the gre:il«r difference between species? lliat this docs habitu- 
ally happen, we must Infer from most of the icmumerabio species 
thronghout nature presenting well-marked differences; whereas 
varieties, the supixjsed prototypes and parents of future wiiU-mark&i 
Bpecies, present sli);ht and ill-dcSned differi'nces. Mere chance, as 
VK may call it, might cause one variety to differ in some character 
from its parents, and the o&pring of this variety again to differ 
from its parent in the very same character and in a greater degree ; 
bot this alone would never account for so habitual and large 
a degreo of difference as that between the species of the same 

Am has always been my practioo, I have sought light on Lhis 
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badlrotaoordaniestieprodoctieBi. We Aah here Cad WMWliing 
Katogow. It will be MhaiUed dial the imdnctkn cf n 



by • i^eoa haring a ili^Uj durtv beak; ■ 

iMmck "bj a pigeon having a ntfaa- ImgET lieak; aad «b llw 

i-adDDOirledged prindple that " &ii(atn do not and ^1 not ad^n 

E-s nediton itaiiiiatd, but like eztnma," thej both go on (m hn 

T.actaaOy occuncd with tho snb-bneds of the tmnblo'^igean) 

I -a ho o aiii g and brtoiiiig from Urds witb longer oad loiter faeika, or 

vitli diorter and shorter beaksL Again, vq may ffirr'^Taft that at an 

Btrly period of history, the moi of oo^ aatJOD or district leqnirad 

gmitta horses, whilst those gf atKiiLer required stroogo' and bulkier 

haitet. The early diSarcoccs would be Tei; alight; bat, in the 

ooane of time, from tha coQtiDUed selection of srifter hotMB in 

tlM one case, and of itron^er one« in ibe oUier, thedifllBRDceawooU 

^ beeonw greater, &Dd vonld be noted u rorming two rab-fareeds. 

Ultimately, after the lapse cf centuries, theae >ab-bfaeda wotUd 

me convened into two wcil-esUblisbed and distinct Itceds. Aa 

tha diflerenc«9 became greater, the inferior animals with intenne- 

diate characters, txing neither very swift nor very strong, woold 

Dot have been oaed for brecdiaa, and will thns have tended to dia- 

!ar. Here, then, we see in man's productions the action of what 

may be called the jirinciplo of divergence, causing difcrences, at 

Snt barely appreciable, steadily to increase, acd the breeds to 

direrge in character, both from each other and from their common 

But how, it may be asked, con any analogous principle apply in 
satore? I believe it can and does apply most eBiciently (th<n:gb it 
ma a long time before I mw bow), from the simple cironmsiance 
Ihat the mora diversiSed the descendants from any cue apedes 
mw in Btnicture, constitatioo, and habits, by so much wOl they 
' be better enabled W seize on many and widely diverafied places 
, in the polity of osinre, and so be enabled to increase in numbeis. 
~Ve con clearly discern this in the case of animals with simple 
habits. Take the case of a carnivorous quadruped, of which the 
Bomber that can be supported in any conntry has long ago nj 

ts fall average. If its natural power of increase be allowed to 
act, it can succeed in increasing (the country not imdergom^ any 
ebange in conditions) only by its varying descendants seizing on 
plaoea at preheat occupiod by other animals: same of them, for 
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instance, being enabled to feed on new kinds of prey, cither 
or .0111*0; Bomc iuhabitm^; new stations, climbing trees, frequent 
wjXer, and some perbapii bccomii^ less camivorooB. The mon 
diversified in babita and Gtructurc the deaoeudants of our amivo- 
rousunimals become, the mora places they will be enabled tcoccnpy. 
What applies to one animal will apply throughout all time to all 
aoimals — that is, if they vary — for otherwise natural seluctlon can 
effect nothing. So it will bo with plants. It has been eipcri- 
mentally proved, that if a plot of ground be sown with one B]>cc>ca 
of i^-raas, and a similar plot bo soivn with several distinct gcuera of 
grasses, a greater number of phmta and a greater weight of dry 
herbage can be raised in the latter than in the former case. The 
Mine has been found to hold good when ouc variety and fevcmi 
mixed rarietica of wheat have been sown on equal spaces of ground, 
llcnce, if any one species of grass were to go on vatyintr, and tbu 
varieties were continually selected which differed from each other 
in the same manner, though in a very slight de^e, as do the 
distinct species and genera of grasses, a greater nnmlwr of individual 
planU of this spocieii, inclnding its modiOed dcsccndatiU, tvonld 
succeed in living on the some piece of ground. And we know that 
each ipucies and each variety of grass is annually sowing almcst 
countless seeds ; and is thus striving, as it may be aaid, to the 
atmost to incioase in number. Consequently, in the course of mnnjr 
thousand genetationfi, the most distinct varieties of any one ejiccies 
of grass would have the best chance of succeeding and of increasii^ 
in niunbcrs, and thus of supplanting the leas distinct varieties ; and 
varieties, when vendered very distinct from each other, take the rank 
of sp(«iea. 

The tmth of the prbciple t>i:it the greatest amount of life can bo 
supported by great divorsirication of structure, is seen imder niaoy 
natural circumstances. In an extremely small area, especially if 
freely open to immigration, and where the contest between indivl' 
dual and individual must be very scvcro, wo always find great 
diversily in its inhabitants. For instance, I found that a piece of 
turf, three feet by four in siie, which had been exposed for niany 
years l<i exactly the same conditions, supported twenty species of 
plants, and these belonged to eighteen genera and to eight orders, 
which shows how much these plants differed from each other. So 
it is with the plants and insects on small and uniform islets: also 
in small ponds of fresh water. Farmers find that they can laisft 
moat food by a rotation of plants belonging to the moat different 
orders : nature fullons what may be called a simultaneous rotation. 
Kloit of the animals and plants which live close rotmd any naail 
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piece of ground, cocld live on it (sQpposing il^ nature not lo be in 
■nj w»y peculiar), and (nay bo said to be etriving to the utmost to 
l:Te there ; bat, it is >een, tliat where they come into the cioseet 
competition, tbe odvantages of diTcrEification of atructutc, with the 
aoeompuiyiiig difi«roncea of habit and constitntion, determine 
that the iohabilants, which thus jostle each other most closely, 
■htll, u • general rale, belong to what we cull different genera 
~Bd orden. 

The game principle is eccn in the naturalisation of plants throngh 

in'a agency Id foreign lands. It mictht have brcn expected tW 

B ptaala which would aocceed in becoming naturalised in any 

il woDid generally have been clocely allied to the indigenes; for 

B are commonly looked at as specially created and adapted 

r thmr own country. It might also, perhaps, have been expected 

t mtoralieed plants would have belonged to a few gronpa more 

[rilVeeially adapted to certain statioua ia their new homes. But the 

le is vaj difiecent ; and Alph. de CandoUe has well remarked, in 

I gmt and admirable work, that floiaa gain by natiiraliEatlon, 

I ^oportiODslly with the number of the native genent and ipmes, 

new genera than in new species. To give a singio 

1 the Inst edition of Dr. Asa Gray's 'Mannal of the 

a of the Northern United States,' 260 naturalised plants are 

rated, and these belong lo 1G2 genera. We thus sec that 

o naturalised plants are of a highly diversified nature. They 

Puffer, inorooTcr, to a large, oitent, from the indigenes, for out of the 

IS2 natmalised genera, no less than 100 genera are not there iudi- 

gutons, and thus a large projxirtional addition is made to the genera 

BOW Uring in the United States. 

By considering the nature of tbe plants or animals which have in 
any oDimtry struggled succcEsfnlly tnth the indigenes, and have 
than beoome naturiiliged, we may gain some crude idea in what 
mannv aomo of the natives would have to be modified, in order to 
Clin an advantage over their compatriots; and we may at least 
iitlH tliat diversiBcation of structuie, amounting to new generic 
diflbccDCM, would be profitable to them. 

The adTantagc of diTeniificstion of Btructore in the inhabitants 
of the same region is, io (act, the same as that of the physiological 
dinsioB of labour in the organs of the same individual body — a 
snhject eo well elucidated by Milne Edwards. No physiologist 
ilonbts that a stomach adapted to digest vegetable matter alone, or 
floh aloM, draws most nutriment from these substances. So in the 
genanl economy of any land, the more widely and perrcctly the 
u nimfl^ and pluits aie diversified for different habits of life, EO will 
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a greater number of iBdividualfl bp capnlile of thi^re supportiiig 
themselrca. A act of aninmla, willi their organisation bat Utile 
diveraified, oonld hardly compel«wiIIi a set more perfectly diveraified 
in Btructare. It maj be doubted, for iimtAnce, whether tho Aiutm- 
Uon murEUpkls, which nre divided into groups diRcring but littlo 
from each other, and feebly representing, as Mr. Waterhonae and 
Others have remarked, our carnivorous, ruminant, and rodent mani- 
mala, could Buccessfully compete with theae well- developed orders. 
In the AuEtralian mammals, wc see tho process of dlTerBificaition in 
an early and incomplete stage of dovclopmeat. 

The FrohaijU EjfecU of the Aclioa of Natural Selectum through 
Diverjence of CItaracter and EtctincHoa, on Ike Deaccndanb of 
a Convmon Ancestor. 

After the foregoing discussion, which has been much compreeacil, 
we may assume that the modified descendants of any one species 
will succeed so much the bettor as they become more diTeisi6ed ia 
structure, and are thus enabled to cncrcoch on places occupied by 
Other beings. Now let us sea how thia principle of benefit bring 
derived from divergence of character, combined with the principles 
of natural selection and of entinction, tends to act. 

The accompanying digram will aid us in understanding this 
rather pcrpleidng subject. Let A to L represent the species of a 
genus large in its own country ; these species am supposed lo 
resemble each other in unequal degrees, as is go generally the case 
in nature, and as is represented in the diagram by the letteis 
standing at imequol distances. I have said a laige genus, bccaii!>e 
Bs we saw in the second chapter, on an average moro species vary in 
Urgs genera than in small genera ; and the varying species of the 
large genera present a greater number of varieties. We have, also, 
serai that tbe species, which are the commonest and the most widely 
difi^ued, TBiy more than do the rare and restricted species. Let (A) 
be a common, widely-diffused, and varying species, belonging to a 
genua large in its own country. The bmnohing and diverging 
dotted lines of unequal lengths proceeding from (A), moy represent 
its varying ofTspring. The variations are supposed to be extremely 
■light, but of the most diversified nature ; they ore not snppaeed all 
to appear simultaneously, but oft«n after long intervals of time j nor 
are they all supposed to endure for equal periods. Only thi'so 
variations which are in some way profitable will be preserved or 
naturally selecteil. And here the importance of the principle of 
betefit derived from divergence of character comes in ; fcff this will 
jBserally lead to the most different or divergent vatiationa (rapm- 
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jEDtcd by Ibe oater dotted linen) beJD^ preserved and accumuUtcd 
by uatnraJ selection. When a doited lino reaches one of the hori- 
Eontal lines, and is there marlied by a Hmall numbered letter, n 
mtBdcait amotint of voriaticn ia supposed to have been accumulated 
to tana it into a (airly well-marlied variety, sncb as woald be 
ihooght wortliy of record in n systematic work. 

The iolervals between tbo horizontal lifiea in the diagram, may 
represent each a thousaad or more geacrations. After a thousand 
eeneiationB, apccicB (A) ia auppoeod to have produced two fairly 
well-marked varieties, namely a' and m'. These two Tftrietisa will 
generally still be oiposed to the Bame conditions which made their 
{Arenta variable, and the (cndency lo variability is in itself heredi- 
tary; ooDsequently they will tikcwiee tend to vary, and commonly 
in nearly the same manner as did their parents. Moreover, these 
two varieties, bdng only slightly modified forma, will tend to inherit 
tboae advantages which mode their parent (A) more numenma than 
most of the other inhabitants of the eame country ; they will alto 
partake of those more general ndvantnges which made the geniis to 
which the parent-species beIonycd,a largo gomifl in ila own counlrr. 
And all these circumstances are favourable to the production of new 
varieties 

If, then, these two varieties be variable, the most divergent of 
their variations will ^ncially be preserved during the next thousand 
genentiong. And after ihis Interval, variety a' is supposed in the 
diagram to have pr&luccd variety a', which will, owing to the prin- 
ciple of divergence, differ more from (A) than did variety a*. 
Variety m' is supposed (o have produced two varieties, namely m* 
and ^, differing ^m each other, and mure considerably from their 
wmmoa parent (A). We may continue the proCEss by similar 
etep< for any length of time ; some of the vnrietics, after c*ch 
Ihoamnd generations, producing only a single variety, but in a more 
and more modified condition, some produaing two or three varieties, 
and some failing to produce any. Thus the varieties or modiScd 
deacendanta of the common parent (A), will generally go on 
increasing in number and diver>:ing in character. In the diagram 
the process is represented up to the len-thonsandth generation, and 
ttitdcr a condensnl and simpUQcd form np to the fourteen- thoiunndth 
geof ration. 

But I must here remaik that I do not suppose that the prooess 
«Ter goe« on so regularly as is represented in the diagram, thrngh in 
-itaelf mode somewhat irregular, nor that It goes on continQoiisly ; it 
Ss for tnore probable that each form remains for bng periods nnal- 
T^iiil. >ad then again undergoes modification, Noi do 1 BO^i^ccia 
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that the most diTergent ViuictiES are invariably preserved: b 
medium form may oftan long endure, and mny or maj not produce 
more than one modi&ed descendant; for natural eeleclioD nlU 
always act according to the nature of the places which are citha 
unoccupiod or not perfectly occupied hj other beings; aQd this will 
depend on inSnitely complez relationa. Snt as a general rnlo. the 
mora diveisiflol in structure the desceodantB from any one spedis 
can bo rendered, the more places they will be enabled to seiza on, 
and the more their modlGcd progeny will increase. In oar diagnm 
the lino of succession is broken at regular iaterralfi by smnAl nam- 
bered letters marking the successive forms whick have beonm 
sufficiently distinct to be recorded as varieties. But these bieaki 
are imaginary, and might have been inserted anywhere, after iotei- 
toIb long enough to allow the accumulation of a conaiderablu amooot 
of divergent variation. 

Ah all the modified descendants from a common and widely- 
diffused species, bolon^g to a large genus;, will t<uid to partake 
of the same advantages which made their parent BQcccufnl in 
life, they will geDorally go dq multiplying in number ta veil u 
diverging in character : this is represented in the di.i^rom by the 
several divergent branches proceeding from (A). Tlio modified 
otTepring from the later and more highly improved branches in the 
lines of descent, will, it is probable, often take the place of, and so 
destroy, the earlier and less improved branches : this is represented 
in the diagram by some of tho lower branches not reaching to the 
upper horizontal linos. In some cases no doubt the proceai of 
modification will be confined to a single line of descent, nod the 
number of modified descendAnts will not be increased ; olthoi^h 
the amount of divergent modification may have been augmented. 
This caso would he represented in the diagram, if nil the Uncs p^ 
ceeding from (A) were removed, excepting that from o' to a'". In 
the same wuy the Euglish raco-horso and English pointer have appa- 
rently both gone on slowly diverging in character from their origfaia! 
Btocka, without either having given off any fresh branches or raoes. 

After ten thonsnnd generations, species (A) is supposed to hftva 
produced three forms, a'°,/'°, and jh", whioh, from having diverged 
in character during the successive generations, vnll hare come to 
differ krgely, but perhaps unequally, from each other and from 
their common parent If we suppose the amount of change be- 
tween each horizontal Une in our diagram to be excessively email, 
these three forms may still be only well-marked varieties; but wo 
have only to suppose the steps in the process of modificHlion to be 
r greater in. amount, to convert thew tliree (ormf 
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doubtful or at last into well-deSned speciea. Thus the diagram 
Uliutrates Uio etaps bj which the small differences distioguiahmg 
mietio)) are mcreascd into tha larger differences diatinguishing spe- 
Sj oontiouii^ Che some iirocess for a greater number of geae- 
I (as shown in the digram in a coodccsed aod simplified 
^)i wa gat eight species, marked by the letters between a" 
i", all descended from (A), Thus, as I believe, species are 
lultipliod and genera aia Tormed. 

la & large genus it is probable that more tlian one species would 

TUy. Id the diagram 1 have assumed that a secood s^iecics (I) has 

laced, by anali^ua steps, after ten thousand generations, either 

wcll-niBtkcd Torietics (10'° and i*"} or two spociea, according to 

of cbango supposed to be represented between the hori- 

ital lines. After fourteen thousand generations, six new species, 

rked by the letters n" lo i", are supposed to have been produced, 

r genua, the species which ore already very different lu cha- 

&01U each other, will generally tend to produce the srcatcat 

of modified descendants; for these will have the best 

ot teiziii)j on new aod widely difTGrGiit jiliiccs in the polity 

nUore: hence in the diagram 1 have chosen the extreme ispecies 

l), and the nearly extreme speciea (1), as those which have largely 

~ have given rise to new varieties and species. The other 

tpeaet (marked by capital loiters) of our original genus, may 

long but unequal jieriuds continue to tran'^mit unaltered de- 

and this is shown in the diagram by the dotted lines 

unequally prolonged upwards. 

But dnring the process of modification, represented in the dia- 
gram, another of our principles, namaiy that of extinction, will have 
played an important part. As in each fully stocked country natural 
Eelection necessarily acts by the selected form having somo advan- 
tage in the struck for life over other forma, there will he a constant 
tendency in the improved descendants of any one species to BUp- 
plant and exterminate in each stage of descant their predecessors 
and their original progenitor, For it should bo remembered that 
thd competition will generally be most severe between those forms 
which are most nearly related to each otbor in habits, constitution, 
nd Btneture. Hence all the intermediate forms between the earlier 
■nd later Ct&tea, that is between the less and more improved states 
oftlko MUM ipedes, as well as the original patent-species itself, will 
genenJly tend to become extinct So it probably will be with many 
whole coilalcral lines of descent, which will be conquered by later 
and improved lines. If, however, the modified ofipring of a species 
get into some distinct country, or become quickly adapted to some 
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i^uita new Btation, in which aSspring md progenitor do not (XKOe 
iato competitien, both may continue to exist. 

IT, then, our diagram be assumed lo represoDt a coiuik 
amoont of modiGcaUoa, species (A) and all tlie earlior rarietiM 
have becomo extinct, being reploced by eight new sj ' 
m") i and species (I) will be replaced by sis (n" to i") 

But wo may go further than this. The original specioa of tfflf 
genus were supposed to resemble each other in nuequal degrees, s> 
is so generally the cose in nature ; species (A) being more neoriy 
related to B, C, and D, than to the other species ; and species (I) 
more lo G, H, E, L, than to the others. These two spedes (A) and 
(I) were also supposed to bo very common and widely diffused 
specti^, so that they must origin^y hare hod some advantage orer 
most of the other species of tho genua. Their modified deaccndsnti, 
fourteen in number at the fourteen-thousandth generation, will 
probably have inberitcd some of the same od vantages : they have 
also been modified and improved In a diversified manner at each 
sta^js of descent, so as to have becomo adapted to many related 
places in the Datnral economy of their country. It fieema, therefott^ 
lislremely probable that thoy will have token thn places of, and 
ibus exterminated, not only their parents (A) and (1), but likewise 
some of tbe oii^nal species which were moat nearly related to their 
parents, Ilence very few of tlio original species will have trans- 
mitted oCfajiring to the fonrlcec -thousandth generation. We may 
suppose that only one (F), of tho two species (E and F) which were 
leant closely reblcd to the other nine original species, has trans- 
mitted descendants to this lato stage of descent. 

I'he new sxwcies in onr diagram descended from the original 
oloven species, will now bo fifteen in number. Owing to the diver- 
gent tendency of natnrol selection, the extreme amount of diifercncc 
ID character between spocies a" aud z" will be much greater than 
that between the most distinct of tbe original eleven species. Tbe 
new species, moreover, will bo allied to each oUier in a widely dif- 
ferent luinuer. Of the eight descendants from (A) tho three marked 
a", q'\ p", will be nearly rotated from having recently branched off 
fromo"; f*, and/", from having diverged at an earlier period from 
a', will be in some degree distinct from tbe throe first-named species ; 
and lastly, o", e", and m", will be nearly related one to the other, 
but, from having diverged at the first commencement of the process 
of modifieatioQ, will bo widely different from the other five a[>ecie8, 
Etnd may constitute a snli-genna or a distinct gonus. 

The six descendants Irom (1) will form two sub-genera or genera. 
But as the original species (I) differed largely from (A), standing 
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tKSrlf al liie extrema end of the original genus, the six daacendants 
fcota (I) will, owiug to iQlieritanoe alone, (Ufii:r oonaidorably from 
tbo eight descendants from (A) ; tlie two groups, moreover, are 
supposed to hare gone on diverging in different directions. The 
intermediate species, also (and this is a very important considera- 
tion), which connected the original species (A) and (I), have bU 
become, cscepUug (F), extinct, and have left no descendanla. 
Hence ihe six new species descended bom (I), and the eight de- 
scended from (A), v/iW have to be ranked as tctj distinct gcneni, 
or ev«D as distinct sulvfamilics. 

Thus it is, as I bdieve, that two or more genera are produced 

by descent with moditication, from two or more species of the some 

genus. And the two or mora pareot-speciea are eoppoaed to be 

descended from some one species of an earlier genus. In our dia- 

erun, this is indicated by the broken lines, beneath the (apital 

letters, converging in sub-branches downn-ords towards a single 

point ; this point representa a species, the supposed progenitor of our 

Mvenl Dew sub-genera nnd genern. 

^^, It is worth while to rcSect for a moment on thv charncttr of the 

^^bw ipeciea r", which is supposed not to have diverged mnch in 

B|nancter, but to hare retained the form of (F), either unaltered or 

^ ritered only m a slight degree. In this case, its affinities to the 

other fotiTtecn new species will be of a carious and circuit^ras nature. 

Being descended (rum a form which stood between the parent-species 

(A) nod (I), now supposed to be extinct and unknown, it will be 

,e degree intermediate in character between the two groups 

d from these two species. But as these two groups have 

I on diverging in character from the type of their parents, the 

epedes (f") will not be directly intmnediate between them, 

'tnt ratlier between types of the two groups; nnd every naturalist 

"■ ~" be able to call such casps before his mjnd. 

In the ^agram, each horizontal line has hitherto been snpposed 
Ito rofaeaent a thousand gencrotiona, but each may represent a 
million or more generations ; it may also represent a eectioD of the 
successive stralA of the earth's crust including extinct remains. We 
shall, when we come to our cliapter on Geology, have to refer again 
to this subject, and I think vo shall then see thnt the digram 
throws light on the affinities of eitinct beings, which, though gene- 
rally belonging to the snme orders, lomdioa, or genera, with those 
now living, yet are often, in some degree, iutcnncdiate in character 
l:«lween existing groups ; and we can understand this fact, for the 
eitinct species lived at various remote epocha when the branching 
lines of descent hod diverged less. 




I see no reason to limit tho process of modification, as now «• 
plained, to the formation of genom alone. If, In llie diagram, we 
eappose the amount of change represented hy each mccesaive group 
of divei^ing dotted lines to be great, the forma marked o" U> f", 
those marked J'* and /", and those marktd o" to wi**, will form 
three very distinct gonoro. Wo shall also have two very distincl 
genera descended from (I), differing widely from the deacondanu 
of (A). Tboae two grou[>s oC genera will thns form two distinct 
families, or orders, according to the amount of divergent modificn- 
tion supposed to be represented in the diagram. And the two new 
families, or orders, are descended from two species of the orlgiiuil 
genus, and these are supposed to be descended from some still more 
ancient and unknown form. 

We have seen that in each country it is tho epedea belonging 
to the larger genera which oftcnest present Torioties or incipient 
species, lliis, indeed, mi^ht have been expected ; for, as natural 
solecUoa acts through one form having some advantage over other 
forma in tho struggle for oiistencD, it will chiefiy act on those which 
already have aome advantage ; and the largeness of any gronp 
shows that its speciea have inherited from a. common ancestor somo 
advantaga in common. Hcuce, the struggle for the production of 
new and modified descendants will mainly he between tho larger 
groups which are all trying to increase in number. One large group 
will alowly conquer another brge group, reduce its numbers, and 
thus lessen its chanco of further variation and improvement 
Within the same large group, the bter and more highly perfected 
sub-groups, from branching out nnd seiang on many new placea in 
the polity of Nature, will constantly tend to supplant and desttoy 
the eajlier and less improved aut>-groupB. Small and broken grouj* 
and subgroups will finally disappear. Looking to the future, wo 
can predict that the groups of organic beings which are now lar^ 
and triumphant, and which are least broken up, tliat is, which have 
as yet suHered least extinction, will, for a long ]%riad, continue to 
increase. But which groups will ultimately prevail, no :naii can 
predict; for we know that many groups, formerly most extensively 
developed, have now become extinct. Looking still more remotely 
to tho future, wo may predict that, owing to the continued and 
steady increase of the larger groujis, a multitnde of smaller groups 
wilt become utterly extinct, and leave no modified descendants; 
and consequently that, of the species living at anj; one period, 
extremely few will transmit descendants to a nimoio futurity. I 
aholl have to return to this subject in the chapter on CLosslficatioo, 
but 1 may odd that as, according to this view, extremely few of the 
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isoic ancient specita have tntusailled dtsccudants lo Ibo present 
dftj, and, as all the descendants of the same speciea fonn a clafs, \fe 
can undetstand how it ia that there exists so few classes in CBch 
main dMnon of the aoimal and vegetable kingdoms. Althongli 
few of tlio moat andent species hare left modified deecendantt, yet, 
at remote geological periods, the earth may hare been almost as 
wcU peopled with species of many genera, families, otiiers, and 
claoEcs, as at the present time. 



On iJit Dfjrte to which OrgOTtUaium teadt to advance. 
NatDtal Selection acts esclosiTeiy by the prciwiTatiaD and acca- 
mnladon of yariatioiu, which are beneficial under the oi^nk and 
inwganic conditions to which each creatnre is exposed at alt periods 
of life. The ultimate remit is that each creatHre tends to become 
more and more improved in relation to iU conditions. This im- 
jntrement inevitably leads to the gradual advancement of the 
organisation of (he greater number of living beings throughout the 
wcA-ld. But litre we enter on a verj intricate subject, for n&taiftlists 
have not defined to each other's satisfaction what is meant by an 
advance in organisation. Anionpt the vertebtata the d^ree of 
intellect ami on approach in structure to man clearly come into 
plAy. It might be thought that the amount of change which the 
varjoos parts and organs pass through in their development from 
the embryo to maturity would suffica as a standard of comparison ; 
but there are cases, as with certain parasitic crustaceans, in whicli 
several fttits of the structure become less perfect, so that the mature 
animal cannot bo called higiier than lit Inrva. Ton Boer's standard 
seems the most widely applicable and the best, namely, the amount 
of differentiation of the i>arts of the aame organic being, in the 
adult itato as I shoald be inclined to add, and their specialisa- 
tioti for different funcUons ; or, aa Milne Edwards would exjvess it, 
tiie completeness of the division of physiological labour. But we 
fchall sec how obscnrc this subject is if we look, for iniKance, to fishes, 
amongat which some nstaralists mnX those as highest which, like 
the sliarki, a|:>proach nearest to amphibians; whikt other naturalists 
tank the common bony or tclcostean fishes as the bigfaeat, inasmach 
as they are most slricLIf Ssh-iit:e, and differ most from the oihcr 
vertebrate classes. We see aiill more plainly the obscnriiy of the 
subject by turning to plants, amongst which the standoni of intel- 
lect is of coarse quite excluded; and hvre Bome botanists nmk those 
plants as highest which have every organ, as sepals, petals, stamens, 
imd pistils, fully developed io each Qower; whereas other botankt^ 
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probably with more ttntli, look at tho plants which have their 
Bovpral orgiics raucK aiodified and reduced Id number aa the 
highest. 

If vie take as the Btaodard of hi^ organiaatioD, the amoimt ot 
diflerentiation and special Isation of the several organs in each bung 
when adult (and this will include the adTancoment of the brain for 
intellectual purposes), natural selection dearly kads towards this 
standard; forallphysiolo^stsadmit that the specialisation of organs, 
inasmuch as in Uiis state they perform their functions better, is an 
advBQtBgo to each being; and henco the accumulation of variations 
tending towards special isation is within the scope of niitural selec- 
lion. On the other hand, wo can see, bearing in mind that all 
organic beings are striving to increase at a high rotb and to sriie on 
every unoccupied or Ices well occopiod place in the economy of 
nature, that it is quiie possible for natural selection gradually to fit 
a being to a situaliun in which several organs would be snperfiuons 
or useless : in snch cases there would bo retrogression in the scale of 
organisation. Wliother organisation ou the whole boa actually 
advanced from the remotest geological periods to tto present day 
will be more conveniently discussed in our chapter on Geological 
8ucoessian. 

But it may bo objected that if all organic bciu^ thus tend to 
rise in the scale, how is it that throughout the world a multitniJc ot 
the lowest forma still exist ; and how is it that in each great class 
Bome forma are far more highly developed than others? Why have 
not the more highly developed forms ovetywlicte supplanted and 
exterminated the lower ? Lamarck, irho believed in an innate and 
inevitable tendency towards perfectioD in all organic beings, seems 
to have felt this difficulty so strongly, that he was led to aupprse 
that new and simple forms are continually bting produced by spnn- 
taneoUB generation. Science has not as yet proved the truth of 
this behef, whatever the future may reveal. On our theory the 
continued existence of lowly organisms offers no difficulty; for 
natural selection, or the survival of the fittest, does not necessarily 
inclndo progressive dovelopmeut — it only takes advantage ot such 
variations as arise and are beneficial to each creature under its com- 
plex relations of life. And it may be asked what advantage, as fsr 
OS WH can see, would it be to an infusijrlan animalcule — to an in- 
testinal worm— or even to an earth-worm, to ho highly organised. 
If it were DO advantngi-, these forma would be left, by natural selec- 
tion, unimproved or but little iuproved, and might mnain for 
indefinite ages in their present lowly condition. And geology tills 
us that some of the lowest formii. as the infusoria and rhizopodn, 




liave tcDiained for an uDOrmoos period in Qcnrlf their premat stale. 
But to Buppoie that most of tbe many now oiiBting low fornu havo 
Lot in the least adv&aced since the first dawn of life would bo 
extremely rash ; for ereiy naturalist who has dissected some of the 
beings now naked as very low in the scale, must havd been struck 
viih thdr really wondrous and beautiful orgaDisatioQ. 

Nearly tlie same remarks are applicable if wo look to tbe difierent 
grades of organisation within the «amo great groop; for instance, 
in tbeTiatebrata,to the co-existence of mammals and fish— amongst 
maminalia, to the co-existence of man and the omitborhynchns — 
amoogst fishes, to the co-cxistcnco of the shark and the lancelet 
(Amphioins), which latter fish in the extreme simplicity of its 
itmctura ajiproachea the inTcrtebrate classes. But mammals and 
Bsh hardly come into competition with each otiec; the advance- 
(Qcnt of tiie whole class of mommids, or of cortain mcmhers in this 
etnas, to the highest grade would not lead to their taking the place 
of fishes. Physiologists believe that the brain must be bathed by 
Rrnrra blood xo be highly active, and thin requires o&ial respiration ; 
B4 lh« warm-blooded mflmmals when iniabiting the water lie 
aodei a disadvantage in having to come continually to the sur- 
face to bteathc. With fishes, members of the shark Cunily would 
not tend to supflanC the lancelet ; for the lancelet, as I hear 
from Frit2 Miiller, has as sole companion and com{>etitor on the 
Inrren sandy shore of South Brazil, an anomalous annelid. The 
three lowest crders of mammals, namely, marsupials, edenlata, and 
ent^ ao-exi«t in South America in tbe same region with nume- 
I raoDkeys, and probably interfere litUe with each other. 
_~i organisation, on the whole, may have advanced and bo 
1 adnncing tliroughout the world, yet the scale will always 
Mil many degrees of perfection; for the high advancement of 
a vhdo classes, or cf certain members of each class, does not 
irily lead to the extinction of those groups with which 
J do not enter into close competition. In some cases, as we 
[1 hereafter sec, lowly orgauisuj forras appear to have been pre- 
1 lo the present day, from inhabiting confined or peculiar 
i, where they hare l>ceii subjected to less severe competition, 
i where their scanty numbers have retarded the chance of favour- 
le TuiatiooB arising. 
f Finally, 1 believe that many lowly organised forms now ciist 
Ighout tbe world, from various causes. In some cases varia- 
s or individual differences of a favourahle nature may never 
« arisen lor natural selectiun to act on and accumulate. In no 
t, probably, has time suf&ced for the utmost possible ajnouiiV <;il 
&2 



J 



300 CONVERGENCE Of CHARACTER. [Ch 

development. In sonio few cnses there has been ■what we must caU 
rotrograssioQ of organisation. But the main cnusu lies in the fact 
that under very Bimple conditions of life a high orgauisittion would 
Iju of no service, — possihly would be of actual diaserrice, us being 
ci a mere delicate nature, and more liable to be put out of order 
and injured. 

Looking to the first dan^n of liTe, when all organic beings, as we 
inay believe, presented the simplest atructwe, how, it has been 
asked, could the first ste[s in the advancement or differentiation of 
parts have aiisen ? Mr. licrbert Sjiencer would probably answer 
that, aa soon as simple uuicelluhkr organism came by giowtli or 
dlTiaion to be compounded of several cells, or became attached to 
uiiy supjxirting surface, bis liiw " that homologous units of any 
order become difCorcn tinted ia proportion as their relations to inci- 
dent forces become different" would come into action. But as we 
have no facta to guide tis, speculation on the subject ia almost uxeleaa. 
It is, however, an error to suppose that there would be no stn^gle 
for existence, and, consequently, no natural selection, nntil many 
fumiB had been produced: T&riations in a single species iuliabiUng 
nn isolated station might be beneficial, and thus the whole masa of 
individiiaU might be modified, or two distinct forms might arise. 
Gut, as I remarked towards the close of the Introduction, no erae 
ought to feel surprise at much remaining as yet uueiplained on the 
origin of epecies, if we make due allowance for our profound igno- 
rance on the mutual rebtiona of the inhabitants of thejj^pi^lL'^' ^^ 
preeont Ume, and still more so duiing past ages. 

Cortvtrgence qf diaraehr. 

Mr. H. C. Watson thinks that I have overrated tliJfi 
of divergence of character (in which, however, ho apparently 
believes), and that convergence, as it may be called, has liketriM 
played a part. If two spccicB, belonging to two distinct though 
nUied genera, had both produced a large utimber of new and diver- 
gent forms, it is conceivable that these might approach each other 
so closely that they would have all to be classed tmdor the same 
genna ; and thus the dcsct'ndants of two distinct genera would con- 
verge into one. Butitwouldin most cases bo cstremely rash lo attri- 
bute to convergence a cIok and geueral similarity of structure in the 
modified desceudauta of widely distinct forms. The ehape of acryatU 
is determined solely by the molecidar forces, and it is not surprising 
that dissimilar substances should sometimes assume the same form; 
but with organic belnp we ebL^uld bear fn mind that the form of 
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e*cli de[«nds on an infinitudi) of complex rektiotu, namely on Uie 
wiatuHU which have arisen, these being duo to causes Cir too 
intricale to be rollowed out, — on the nature of the variations which 
bkve been prcsorvcd or sclcclod, and lliis depends on the sucruund- 
ing phyaical conditions, and in a still higher degree on the sur- 
rounding ot^aniams with which each being has come into compcti- 
d lastly, on inheritance (in i tself a fluctuating dement) from 
tBumcrable progenitors, all of which have had their forms dtlfr- 
ined through equally compioi relations. It ia incredible that tho 
E of two orgnniams, which hod originally differed in a. 
marked maoDcr, should ever nrcetwarda converge so closely as to 
lead to a near approach to tdeotity throngbout Uieir whole argani- 
«»tion. If this had occurred, we should meet with the tame form, 
independently of genetic connection, recurring in widely separated 
Bolt^cal fbimationa ; nnd the balance of cvidenco is opposed to 
|Bi7 mieh an admission. 
Ur. Watson has also objected that the cciulinued action of nal urn! 
'ectioi^ ti^ether with divergence of cbaractcr, would tend to make 
B indefinite niimbor of Kjiccifii! formB. Aa fat as mere inorganic con- 
are concerned, it seems probable that a sufGcient number of 
would soon become adapted to all considerable diversities 
i heat, moisture, &c. ; but 1 fully admit that the motusl rolalions 
■[organic beings are more important ; and as the nnmber of spedoa 
Ijbl aoj country goes on Incrcaning, Iho organic conditions of life 
ire complex. Consequently there seems 
LQ amount of proSlable diversification of 
■> limit to the number of siieciea which 
P-Sught be produced. We do not know that even the meet prolific 
» ii fully stocked with specific forms : at tho Cape of Good IIoi« 
1 in Austmlitt, which support such an aslonishiog number of 
_■ European plants have bcconie naturalised. But 
ology ahowa us, that from an early part of the tertiary period the 
mber of species of shells, and tbat from tlie middle port of this 
B period the number of mammals, has not greatly or at all 
What then checks an indefinite increase in tlio number 
t ^«ciea? Tho amount of life (I do not mean tiie number of 
■pecifie forms) supported on an area mttst have a limit, do|ietiding 
■0 largely u it doc^s on physical eooditlons ; therefore, if an area be 
Inhabited by very many species, each or nearly each spedes will bo 
npresented by few individuals i nnd such spcdea will be liable to 
uterTaination from accidental fluctuations in the nature of the 
Muons or in tho number of their enemies, Tho process of citcmii- 
BHtion in nch cases would bo rapid, wbcreoa the production of new 
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speciea must nln ays be slow. Inu^uc tlic eitrema case of m ntHiy 
Kpeciea as iuJividuals in EngloDd, and the first severe mnter or 
terj dry gummer would cxterminaio thousands on tbansaodi of 
gpeciea. Bare species, and each species will become rare if the 
number of species in SLaj country becomes indeSnilely increased, 
will, on the principle oden explained, present nittun a given period 
few favourable variations ; consequently, the process of giving birth 
to new specific forms wonid thus be retarded- When any species 
becomes very rare, close interbreeding will help to esterminate it ; 
BQthori have thought that this comes inlu play in accoonling for 
the deterioration of the Anrochs in LitbnaBia, of Rod Deer io Scot- 
land, and of Beaia in Norway, &c. lastly, and this I am inclined 
to think is the most important element, a dominant species, which 
bas already beaten muny competitors in its own home, will tend to 
spread and sapplant many others. Alph. de CondoUe has shown 
thai those species which spread widely, tend generally to spread 
Bery widely ; consyquently, Ihoy will tend to supplant and exler- 
minatc several species in several areas, and thus check the inordinate 
increase of specifio forms thronghout the world. Dr. Hooker has 
recently shown that in the S.E. comer of Australia, where, appa- 
rently, there are many Invaders from difierent quartersof the ghibe, 
the endemic Auslrolian species hare been greatly reduced in niunber. 
How much weight to attribute (o these several considerations I 
will not pretend to say ; but conjointly they must limit In each 
country the tendency to an indefinite augmentation of apedfio 






Summary of Chapter. 
If under changing conditions of life organic beings present 
dual differences in almost every part of their structure, aud tlui 
cannot be disputed; if there be, owing to their geometrical rate of 
inorcas^ a severe struggle for life at some age, season, or year, and 
ihia cert^oly cannot be disputed ; then, considering the infinite 
cumplenly of the relations of all organic beings to each other and to 
their conations of life, causing an infinite diveraity in structure, con- 
stitution, and habits, 10 be advanlageous to them, it would be a moat 
cstraordinaiy fact if no Toriatious had ever occurred useful to e»ch 
being's own welfare, in *Jie same manner as bo many variatioDa have 
occurred useful to man. But if variatitns useful to any otgaaic 
being evM do occur, issuredly iudividoals thus characteriaed will 
liare the beat chance of being preserved in the struggle for lift; 
4nd from the strong principle of iuberitunce, these will tend to 
produce oSsprioK umilorly characterised. This principle of jm- 
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(CTvntiuD, or iLe Burrivkl of the fittest, I tuTo called Natiml 
SelccUou. It leads to tha im[niTciiMnt of tacii creature in retstico 
to its organio and inor^uic cooditiooB of life ; and oooaniaeiitly, in 
moct eaaet, to what mtMt be wganltd H an adTanoe ia oignciKitioD. 
NcmilieleH, low and wmpleEaraii will kog endure if well fitted for 
their nmple couditiMis of life. 

Natuntl leUetMn, oo the priudple of qualities being iuberiteO at 

oOTTeapondiBg ages, can modify the egg, aeei, or joui^ u eatilj 

M the adult. Amongst many ■nim^l', eexnal Bclecdoa will have 

j^ren its aid to ordtnai; selection, bf aasoiiag to the moat Tigorons 

. «ttd best adapted males the greatest number of oSegnag, Sexual 

'a will also give ehatacteis nacfnl to the iiia.es alme, in Iheii 

' riTsJi? with other males ; and these cbaiaeleiB irill be 

to one sex or to both sesea, icoording to the fonn of 

which preraits. 

Whether oatnral aclcctioo has really thns acted in adapting the 
a txTos of life to their several oonditiona and statkins, miiBl 
li jndgEil 1^ the general tenor and balance of evidence given in the 
' r chapters. But we hare already seen how it entails 
; sod how largely ixUnction has acted in the world's 
r, geology plainly declares. Natural selection, also, leoda to 
f chatscter ; for the more organic bdn^ divert in 
1, habits, and oonstitntion, by so much the more can a large 
mbtc be supported on the tame arc*, — d which we see pnwf by 
" g to the inbaUtsoti of any small qiot, and to the prodaclioDS 
TiiktQinliaed in foreign lands. Tbercfon^ during the modificadoD n( 
I tiw dMceiidauta of any one species, and doring the incessant straggle 
of tSl ipedca to increase in niunbera, the more diTerafied the 6c- 
■» becom*, the better will bo their chacw of success in ihfe 
I Ittttle lor life. 'IIiub the small dificrencca distin^ishing varieties 
[ (/ the same species, steadily tend to increase, till lh«y equal the 
r differences between species of the same ^enus, or even of 

I W« hava aeen thst it is the common, the widcly-dtfiused, and 
ging apedea, belonging td the larger ^-enera withio each 
■,iriudi vaij moat; and these tend to transmit to their modified 
; that (uperiority which now makes them dominant iri 
ir own coontries. Natursl selection, as ha« just been ranarlted, 
b to divergence of character and to mnch eitinction of the less 
voved and intcrmnliale Torms of life. On these princrjilc^ the 
« of the affinities, and the generally well-dttinc'd distinctions 
rrjanic bemgs in each class througbolit 
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tlio worlil, may be eipUincd. It is a tnily wonderful fact — tlie 
wonder of which we are apt to overlook from familiarity — that alt 
hdIidilIh and all plants throughout all time and space should be 
related to each other in grou[)ii siibordinale to groups, in the m&micr 
which we everywhere behold — namely, varieties of the same species 
most closely related, species of the same genua less closely and 
unequally related, forming sections and aub-genera, ayiecies oi 
distinct genera mucli less closely related, and genera ti-'Iated in 
different degrees, forming sub-famiUea, families, orders, sub-classes, 
and classes. I'he several subordinate groups in any class cannot be 
tanked iu a single file, but seem clustered round points, and these 
round other ixiinls, and so on in almost endless cycles. If species 
had been independently createil, no eiplanation would have been 
liossible of ihia kind of classification ; hut it is explained through 
iuheritance and the complex: action of natural Gelectiun, entoilin^ 
extinction and divergence of character, as wo have seen Illustrated 
in the diagram. 

The affinities of all the beings of the same class have sometimes 
l«en represented by a great tree. I believe this simile largely 
ai>eftk8 the truth. The green and budding twigs may represent 
existing species; and those produced during former years may 
represent the long succession of extinct species. At each period of 
l^wth all the growing twigs have tried to branch out on all aides, 
nnd to overtop and kill the surrounding twigs and branches, in the 
some manner as sjiecles and gioupc of species have at all times 
overmaBtercd oUier siiedes in the great butile for life. The limbs 
■liTiili.il into great blanches, and these into leaser and lesser branches, 
were themselves onoe, when the tree was young, bndding twigs; 
and this connection of the former and present buds by ramifying 
btwicbes m^y irell represent the classification of all extinct and 
living species in groups subordinate to groups. Of the many twigs 
vhich fionrishod when the tree was a mere bush, only two or Uire^ 
now grown into great biancbes, yet snrcive and be«r tbo otlwr 
bnnchesi so with the species which lived during long-past geolo- 
gical periods, very few have left liTing and modified deRsadaut^ 
From the first gronth of the tree, many a limb and branch has 
decayed and dropped off; and these fallen branches of rarioiis sises 
may represent thow whole orders, fkmjlieSi and eenera which have 
now no living representatives, and which are known to us only in 
a focsil state. As we here and there see ft thic straggling brunch 
springing from a fork low down in a tree, and which b; 
cLince has bc«ii fnvoured and is stiil alive on its sammii 
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occasionally see an animal like the Ornithorhynchns or Lepidodren, 
which in some small degree connects by its afifinities two large 
branches of life, and which has apparently been saved from iatal 
competition by having inhabited a protected station. As bods give 
rise by growth to fresh bads, and these, if vigorous, branch oat and 
overtop on all sides many a feebler branch, so by generation I 
believe it has been with the great Tree of life, which fills with its 
dead and broken branches the crust of the earth, and covers tha 
Aurfaoe with its ever-branching and beautiful ramifications. 



LAWS OF VAHIATION. [Cai 



CHAPTEB V. 

LAB-a or VAniATiDS. 



1 



r 



Effects of chBnged condilionii— Ueb aDd disose, combined with DBtonl 
selection; orgBns orfliglit ind of Tiaioa — AcclimBdutioa — ComUted 
rariatioD — CompsiuBtioii and econoiny of growtli — False comlaliou 
— Multiple, rodimeatarf, and lowl; orgnolsed stractorca TariaUa — 
Purti dereloped iu na iianaDnl maaaer an higbl; Tariuble: s|iecifie 
chaiaclers niort ruriabls than geaaric: MCi)adai; Hinal cbanctan 
TarisbU — Sp«cki of the luns geani Tarf in la analogoiu "■«"""• — 
Revciiioas to long-loat characlDn — SDiniDarr. 

I HAVE liitherto Bometinies spokea as if the varintiDiiB — so comnica 
and multilarm with orgaiiic beings under domeatication, and in a 
lesser degree with those under nntnre — were due to chance. This, 
of course, is a whoU; incorrect expression, but it serves to acknow- 
ledge plainly our ignorance of the cause of each piutlcular variation. 
Some authors believe it to be as much Ihe function of the repro> 
diictive system to produce individual differences, or slight doTiationa 
of structure, as to make the child like ite parents. But the Gict o( 
variations and monstrosities occurring much more frequently under 
domestication than nnder nature, and the greater variability of species 
iuving wide ranges than of those with restricted ranges, lead to 
the conclusion that variability is generally related to the condi' 
tiong of life to which each species has been ox[iosed during sersial 
successive generations. ]d tbe first chapter I attempted to show that 
changed conditions act in two ways, directly on the whole organisa- 
tion or on certain parts alone, snd indirectly through the rcprodnctive 
aystom. In all cases there arc two factors, the nature of the 
organism, which is much the moat important of the two, and the 
nature of tbe conditions. The direct action of changed conditions 
leads to doQnite or indefinite results. In the latter case the oi^ani- 
satioii seems to become plastic, and we have much fluctuatiitg vari- 
ability. In the former cose tbe nature of the organism is tmtk 
that it yields readily, when subjected to certain conditions, and til, 
or nearly all the iodividuals become modified in the same way. 

It is very dLlficult to decide how far changed conditions, such 03 
of climate, food, &c., have acted in a definite manner. Thara is 




tBasoQ to belicTO that in tho course nf time thn cffccta have becD 
greater than can bo proved by cloar evidcaco. But we may safely 
coDclude tbat the imiiimErablo complos co-bdnplatiocs of Btructore, 
uhich «c SCO throughout nature between various organic beiaga, 
cannot be attributed simiily to such action. In tbe following cases 
the conditioua seem to have produced some slight definite effect : E. 
Forbts ascrts tbat sheila at their southern limit, and when living in 
shallow water, arc more brightly coloured than those of the same 
S]iecies from further north or frum a ^cater depth ; but ihta 
certainly docs not always hold good. Mr. Gould believes that birds 
of the same species uro moro brightly coloured under a clear atmos- 
phere, than when living ue&r the coast or on islands; and WoUoston 
is ooovinced that residence near the sea afTccts the colours of iDsect& 
Moquin-Tandon gives a list of plants wliicli, when growing near tho 
B, have their leaves in some degree fleshy, though not else- 
s Bcsby. Thoie slightly varying organisms are interesting in 
■ &r U tbcy present chamcters auidt^ous to those possessed by the 

' • which are confined to similar conditions. 

I WbeQ ft variation is of the slightest use to any being, we cannot tell 

irmnch to atCiibate to the accumulativeactiau of natural selection, 

d haw much to the definite action of the conditions of life. Thns, 

jkis well known to fiuriers that animals of the same s|<edcs have 

'ikkerand better fur t)ie further north they live; but who can tell 

« much of this difference may be due to the wamicst-«lad indivi- 

IsliaTing been favoured and preserved during many generations, 

1 how much to the action of the sovere climate 7 for it would 

\t that climate has some direct action on the hair of ourdomea- 

^ tfo <10*^peds. 

I&ittDces could be given of similar vorietiea being produced Irora 
tte same species under external conditions of life as diifi'rent as can 
EiKil be oonceived ; and, on the other hand, of dissimilar varieties 
King produced under apjjarcntly the same external conditions. 
, innumerable instances are known to every naturalist, of 
B keeping true, or not varying at all, although living under 
it opposite climates. Snch considerations as these incline mo 
t lay less weight on the direct action of the surrounding con- 
ttioDS, than on a tendency to vary, due to causes of which we are 
quite ignorant. 

In one sense the conditions of life may bo said, not only to cause 
Yuiability, either directly or indirectly, but likewise to include 
natuivl selection ; for the conditions determine whcthi r this or that 
TBrietj sball survive. But when man is the selecting a^ent, we 
dearly see that the two elements of change are distinct ; variability 
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xcitcd, but it ia the will of man which a 
D certaiD directiona ; and it is this latter ageocy 
to tho survival oi the fittest under iiatuiv. 
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From the facts s,11itded to in tho first chapter, I think there etc 
be no doubt that Mse in our domestic imimalti boa streiigtheQcd 
and enlarged certain jiarts, and disuse diiniiushcd them ; nzid that 
such modilicationa are inherited. Under free nature, we have do 
standard of comparison, by which to judge of the eCFecls of long- 
continued uae or disuse, for we kuow not tho parent-forms ; but 
many anknals possess structures wluch can ba best explntued by 
the eOects of disuse. As Professor Owtn has remarked, there ia no 
greater anomaly in nature than a bird that cannot fly ; yet there lue 
several in this state. The logger-headed dack of South Amorica 
can only fiap along the surface of tho water, and baa its win^ in 
nearly the same condition as die domestic Ayksbury duck ; it is a 
remarkable fact that the young birds, according to Sir. Cmiuing- 
ham, can fiy, while tlie adults have loat this power. As tlie isr^or 
ground- feeding birds seldom tako flight except to escape danger, it 
is prolnble that the nearly wingless condition of several birds, now 
inhabiting or which lately inhabited several oceanic isloDds, tenanted 
by DO beast of prey, has been caused by diauac The ostrich indeed 
inhabits continents, and is exposed to danger from which it cannot 
escape by flight, but it can defend itself by kicking its enemies, as 
efGciently aa many q^uadrui)Qds. We may believe that tho proge- 
nitor of the ostrich genus had habita like those of the buslard, sod 
that, as the size and weight of ita boily were increased during suc- 
ocs^ve generations, its le^a were uaed more, and its win^ less, 
until thej became incapable of flight. 

Kirby has remarked (and 1 have observed the some &ct) that the 
anterior tarai, or feet, of many male dung-feeding beetlva ore often 
broken off; he examined Beventcon specimens in hia own collection, 
and not one hod even a relic lefU In the Onilea apellca tho tars] 
are eo habitually lost, that the insect has been described aa not 
having them. In some other genera tlioy are present, but in a 
nidim en tary condition. In tho Atouchus or sacred beetle of tlic 
Egyptians, they are totally deficient. The evidence that accidentnl 
mutilations can be inherited is at present not decisive ; bat the 
remarkable cases observed by Brown-S&]uard in guinea-pigs, of the 
Inherited eOects of operations, should miUie us cnutious in denying 
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■ KodoDcy. Ucuce it will perhnps bo safest lo look at the entire 
« of the HDl^'rior tarsi ia Atcuchna, and their nidimentary 
i (mditioQ in some other genera, not aa cases of inherited miitilatioDS, 
biit as due to the eOects of long-continuod disuse ; for as many 
dmig-feedias beetles are generally found with their tarai lost, this 
must happen earlj in life; thorcforo tlie taru cannot be of mucb 
importouoe or be much used by these insects. 

!s we might easily |iut down to disuse modifications 
^ctructure which are wholly, or mainly, duo to natural selection. 
"r. Wotlaston has disco vored the remarkable fact that 200 beetles, 
t of the 550 apecica (but more are now known) inhabiting 
B M tor deficient in wings that they cannot By; and 
t, of the twenty-nine enLlemia genera, no less than twenty-three 
3 all thdr species iu this condition! Several facts, — namely, 
kat beetles in many ports of the world are frequently blown to sea 
Bd perish ; that the beetles in Madeira, as observi'd by Mr. 
IVollaston, lie much concealed, until the wind lulls and the sun 
iS ; that the proportion of wingless beetles is lnr]^et on the 
d D«sertaa than in Madeira itecir; and eapecially Ihu cxtra- 
idiiiBiy &ct, so strongly insisted on by Mr. Wollaston, that ccrtaiti 
_ I gronpa of beetles, elsewhere excessively numerous, nhich 
alMolately require the \\m of their wings, are here almost entirely 
absent; — these several considerations make mo believe that the 
wingless condition of so many Madeira beetles la mainly due to 
the acUon of natural selection, combined probably with disuse For 

titnni^ many successive generations each individual beetlu which 
8«w Icnat, either from its wings having been ever so littlo less iwrfectlj 
developed or from indolent habit, will have had the best chance of 
mriTisg from not being blown out to soa ; and, on the other hand, 
ikoaa beetles which must readily took to ftight would ortcncsl have 
Icon blown to sea, and thus destroyed. 
lie insects in Madeira which are not gronnd-feoders, and tvidch, 
H certain flower-feeding coleoptcm and lepidopters, mutt habitually 
BW tlieir wings to geia their subsistence, have, as Mr. Wollniiton 
Enqwcts, their wings not at all reduced, but even enlarged. This is 
quite compatible with the action of niituml selection. I'or when a 
w insect first arrived on the island, the tendency of natural 
Kticm to enlarge or to reduce the wings, would depend ou 
pbctber a greater number of indiTiduaU were saveil by successfully 
g with the winds, or by giving up the attempt and r.ireiy or 
r^lng. Ab with mariners shipwrecked near a coast, it would 
~ B better for the good swimmers if they hod been able tc 
"B further, whereas it would have been better for tlie bad 
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ewimmtrs if timj h[u1 not been nbic to swim at nil mid liad Btuck 
to (Jie wreck. 

The oycB of moles and of some burrowing rodents arc radimeabuy 
in Eiui, and iu some cases are quito covered by skin and far. Tbii 
Etato of tlie eyes is probablf due to gradual reducdon fiom dimu^ 
but aid«d pcriapa hj natural selection. In South America, a bor- 
rowing rodent, the tuco-tuoo, or Cteaomys, is even moro subter- 
ranean in il^ habits tbnn the mole ; and I was assured bj a 
Spaniard, who had often canglit them, that thejr were (requcntlv 
blind. Ono which I kept alive was certainly iu this condition, Iho 
cause, as appeared on dissectiou, having been infUmmation of tbo 
nictitating membrane. As freqacnt inflammation of the ejcs must 
be injurious to any animal, and as eyes are certainly not necessary 
to animaU having subterranean habits, a reduction in tk^ nie, 
with the adhesion of the oyelids and growth of fur over them, 
mi^t in such coso be an advantage; and if so, natural eelectioa 
would aid tho effecta of disoao. 

It is well known that several animalti, belonging to ths moat 
differeat classes, which inhabit the cnve« of Caraiolii and of Kon- 
tucky, are blind. In some of the crabs the foot-stalk for the ejB 
remains, though the eye is gone ; — the stand for the telescope ie 
there, though the telescope with its glasses hna been lost. As it ii 
difficult to ima^e that eyes, though useless, could be in any int]r 
lEJorioos to animaU living in darkness, their loss may bo attribated 
ouo of the blind animals, namely, the csTe-rU 
(Neotoma), two of which were captured by Profesaor SiUiman at 
above half a mile distance from the mouth of tho cave, and tbtn- 
fore not in the profoundest depths, tlio eyes were luatraua and of 
l^rge size i and these animals, as I am informed by Froleanr Silli- 
man, after having been exposiNi for about a month to a gradimted 
light, acquired a dim perception or objects. 

It is difficult to imagine conditions of life more similar than 

deep limestone caverns undf r a nearly similar climate ; so thal^ in 

„ accordance with the old view of the blind animals having faee& 

f ieparately created for the American and Enrupean caverns, Titj 

'''close similarity in their organisation and affinities might hsTe been 

expected. This is certainlj not the case if wo look at tho two 

whole faunas ; and with respect to the insects alone, Schibdte has 

remarked, " We are accordingly prevented from ocmsidering Ox 

entire phenomenon in any other light than something pnrdy local, 

d tlie similarity which is exhibited in a few lanoa betwem. the 

h cave (in Kentucky) and the caves in Camiola, otharwfie 

i verj plain expression of that analogy whioh. Rihdila 
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illy botwaen the fauna of Europe and ot Xorth America."' 
iew wo must suppoae that Americao animals, having in 
IS ordiiULry ponera of virion, slowly nugroted by sucoosaive 
generationa Irora the outer world into tbe deeper and deeper re- 
eewes of the Eeotaeky caves, as did European animala into the 
cavea of Emope. Wo have some evidence of this gradation of 
h>lHt; for, as Schiodte remarks, "Wo accordingly look upon tile 
■Bbterraaean faimaa m small ramifications which have penetrated 
O the BUth from iJie geographically limited faunas of the aclja- 
Bt tract!, and which, as they extended themselves into darkneas, 
e been accommodated to surrotutding circumstances. Animals 
far re[DDi« from ordinary forms, prepare the transitioa from 
to darkness, fiext follow those that are constructed for twi- 
; and. Last of all, those destined for total darkness, and whosv 
latioQ is quit« pccnlior." These remarks of i^chiodte's, it should 
■In nsderstood, apply not lo the same, but to distinct species. By 
" a time that an animal had reached, aflcr numberless generations, 
a deepest recesses, disuse will on this view have more ot less 
~ rQj obliteittkil its eyes, and natural Bolectiou will oflea hATC 
beted other changes, such as an increase in the lonsth of the 
r palpi, as a compensation for blindnesa. Notwithstand- 
g SDch modilications, we miglit oipect still to see in the cave- 
la of America, aUinitiee to the other inhabitants of that con- 
mt, and in those of Europe to the inhabitants of the Boropcan 
And Ibis ia the cose with some of the American cave- 
a 1 hear from Professor Dana ; and some of the Eoropcnn 
wo-inaects are very closely allied to those of the surroundinp 
I conntiy. It would be difficult to give any rational explanation o) 
"■ "* s of the blind cavc-animala to the other inhabitants 
\ df the two continents on the ordinary view of their independent 
nlioo. That eoveral of the inhabitants of the civea of the Old 
id New Worlds Ehould be closely related, wo might expect from 
c well-known rolntiouship of moet of their otiier productions. As 
K blind apccics of Bathyscla is found in abundance on shady mcks 
&r from caves, the loss of vision in the care-Epecies of this one 
gums bsB probably hod no relation to its dark habitation ; for it 
li natural that an insect already deprived of vision ahonid readily 
beoome adajited to dark caverns. Another blind genos (Anopb- 
tluimus) offers this remarkable peculiarity, that the species, ap 
Ur. Murray observes, have not n-t yet buen found anywhere exceja 
in caves ; yet thoiie which inhabit the several caves of Europe and 
America are distinct ; but it Is p<»slblc that the prt^onitors of these 
■vreial spades, whilst they were furuiahed with ryes, m.iy furmerly 
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cd over butb continents, and tiiea have become extinci, 
oicepting iu their preBcnt secluded abodes. Fht from feelii^ sur- 
prise that some of the caTO-ammals ahonld be very nQomalous, aa 
Agnaaz has remarked in regard to the blind 6ah, the Amblyopcia, 
and as is the case with the blind Frotcus with reference to tbe 
reptiles of Europe, I am only surprised tliat moro wrecks of ancient 
life have not been preserved, owing to the less severe conipetitioa 
which the scanty inhabitants of these dark abodes will have * 

AeelimatiBatloit. 

Habit is hereditary with jilanta, as in the period of flowering, in 
the time of sleep, in the amount of rain requisite for seeds to germi- 
nate, &C., and this leads me to say a tew words on ncclimatisation. 
As it is extremely common (or distinct species balooging to the same 
genus to inhabit hot and cold countries, if it bo true that all Iho 
species of the same genua are descended from a single parent-fonn, 
ncclimatisalion mast be readily effected during a long oouise of 
descent. It is notorious that each species is adapted to the climate 
of its own home ; spccita from an arctic or even from a tempeiale 
rt^on cannot endure a tropical climate, or conversely. So again, 
many succulent planla cannot endure a damp climate Bnt tbe 
degree of adaptation of species to the climates under which they 
live is often overrated. We may infer this from our frequent ia- 
nbility to predict whether or not an imported plant will euduro our 
climate, and from the number of phmts and animals brought fioin 
diHercut coantries which are hero perfectly healthy. We have 
reason to believe that species in a state of nature are closely limited 
in their ranges by tbe com);«tiCion of other organic beingis quile as 
much as, or more than, by adaptation to particular climates. But 
whether or not this adaptation is in most cases very close, we h«ve 
evidence with some few plants, of their becoming, to a certain 
extent, naturally habituated to different temperatures ; that is, they 
become acclimatised : thus the pines and rhododendrons, raised from 
seed collected by Br. Hooker from the same species growing at 
different heights on the Himalaya, were found to possess in this 
country different constitutional powers of resisting cold. Mr. 
I'hwaitea informs me that he has observed similar facts in Ceylon ; 
analogous observations have been made by Mr. H. C. Watson on 
European species of plants brought from the Azores to England ; 
and I could give other cases. In regard to animals, sevcml authentic 
instaucea could be adduced of species having largely extended, 
witiiin historical times, their range from wanner to cooler latitudee, 
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aiid coQvcrscly ; but v;o do not positively know that these nulmali 
were strictly adapted to their native clinuite, though m all oiUnuy 
cMee wo assume such to be the caau ; nor do we know that they 
httve liiiliscqiiGiitly become Bpocinlly occlimatiticd to their new 
homes, HO as to be better fitted for them thaa tbey were at first. 

As we may infer that our domestic anImnU were origimilly cboern 
by ondvilised man because they were UBcfitl and because tbcy bred 
iMdily under confinement, and not because Uiey were subsequently 
Ibaiid cajable of fiir-extetided tra asportation, the common and ei- 
traOTdiuary capncity in our domcstio animals of not only witbstajid- 
ing the must difTereiit climates, but of being perfectly fcrtila (a for 
severer test) under them, may be used as an argument that a lai^ 
piDporlioQ of other animals now io a stale of nature could easily 
be brought to bear widely different climates. We must not, how- 
ever, push tbc foregoing ai^nmcnt too far, on account of the pro- 
bable origin of some of out domestic animals from several wild 
■tocts ; the blood, for insUnce, of a tropical and arctic wolf may 
pefbaps be mingled in our domestic breeds. The rat and mouse 
cannot bo coDsidcredu domestic animals, but thi^y have been traoK- 
ported by man to many parts of tbe world, and now have a far 
wider range than any other rodent; for they live under the cold 
climate of Faroe in the north and of the Falklands in the south, 
and UD many an island in the torrid Eones. Ueuce adaptation to 
any special climate may be looked at as a quality readily grafted on 
an innate wide flexibility of constitution, common to most animals. 
On this view, tbe capacity of enduring the most different climates 
by man himself and by his domestic animals, and tbe fact of the 
extinct elephant and rhinoceros baring formerly endund a glacial 
climate, whereas the living species ore now all tropical or sub- 
tropical in their habits, ought not lo bu looked ct na anomalies, but 
as examines of a very common flexibility of constilution, brouglit, 
under peculiar circumslanoeg, into action. 

How much of the acclimatisation of species to any peculiar 
climate is doe to mere habit, and bow much to the natural selection 
of varieties having different innate constitutions, and bow much to 
both means combined, is an obscure question. That habit or custom 
has aome influence, I must believe, both from analogy and from the 
ioccnant advice ^iven in agricnltural works, even in tlie ancient 
Eocyclopsdiaa of China, to be very cautious in transporting ani- 
mals from one district lo another. And as it is not likely that T""n 
ahonld have succeeded in selecting so many breoils and anb-brucda 
idth oonstiiutions specially fitteil for their own districts, tbe result 
mnst, I think, be due to babiL On the other band, natural selec- 
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tiou would inevitably tend to preserve those iDdividoftla which were 
born with const itutl dob best adapted to any country which thc;r 
inbabitcd. In trealista on many kinds of cullivtiUid plants, certain 
varieties are »ud to withstand certain cliinatea better than others : 
thia is strikingly shown in works on fhut-trfea publiBhed in tliu 
United Slates, in which certain varieties are habitually reoam- 
mended for the northern and oihers fur tlic southern States ; and as 
most of Iheae varieties are of recent origin, they cannot owe their 
oonstittitionBl differences to liabit. Tiie cass of the Jernsaleni 
artichoke, which is never proi^gstod in England by seed, and ol 
which consoqncntly new varieties have not been produced, has even 
been advanced, as proving that accliinatjeation cannot be effected, 
for it is now as tender as ever it was I The case, also, of the kidney- 
bean has been often cited for a similnr purpose, and with mucli 
greater weight; but nntil some one will sow, during a score of 
generations, his kidney-beans so early that a very large proportioii 
are destroyed by frost, and then collect seed from the few sarrivort, 
with care to prevent accidental crosses, and then again get Mcd 
from tbe&e Becdlings, with the same precaulionii, the eiperiment 
cannot be said to have been tried. Nor let it be snppc^ed Ihal 
differences in the coiutitution of seedling kidney-bcoos never 
appear, for an acconnt has been published how mnch more haidy 
some seedlings are than others; and of this fact I have myself 
observed Ktriking inatanceo. 

On the whole, we niay conclude that habit, or use and disas*^ 
have, in some coaci, played a considerable part in the iiiodi£c»tiou 
of the constitution and structure ; but thnt the effects bare often 
been largely combined with, and sometimes orennastcred by, the 
natural selection of innate v. 



Corrtlaled Variation. 
1 mean by this expression that the whole organisatioa ii ao ti^ 
together during its growth and development, that when alight 
variations in any one j>art occur, and are accmnnlated through 
natural selection, other parts become modi6ed. This is a very im- 
portant subject, most imperfectly understood, and no doubt wholly 
different classes of ficts may be here easily confounded together. 
We shall presently see thnt simple inheritance often gives the false 
appearaoca of correlation. One of the most obvious real cases is, 
that variations of structure arising in the yoimg or larvn naturally 
tend lo affect the structure of the mature animal. The several 
pnrls of the body which ore homologous, and which, at an eariy 
vmliryonic period, are identical in structure, and which are neces- 



.■thly cxpused Ui similar coii<liCions, seem cmmcntlj H;tUe to vary 

like oioimcr : wa see this iu the right and left sides of the 

boijr TuyiBg in llio soma manner ; in the front and hind legs, and 

tbc jawB and limbs, varying together, for the lower ja»- 

believed b; some anuIomiBls to be humalogous with the limbs. 

tendeocicE, I do not doubt, ma; bo mastered more or Ices 

ipletely by natural selection: thus a family of stags onco existed 

iHlh an antler oulj on oua side; and if this had been of any great. 

to the breed, it might probably hnve been rendered permanent 

fay selection. 

Homokigons parts, as has been remarked by some authors, tend 

oohere; this is often seen in monstrous plants: and nothing 

man common than ilie union or homologous parts in normal 

in the nnion of the petals into a tube. Hard pari? 

to affect the fonn of aiijoining soft parts; it is believed by 

authors that with birds the diversity in tlie shape ol the 

causes the remarkable diversity in the shape of their kidneys. 

Otbcn believe that the shapu of the pelvis in the human mother 

&osaixi by presEoce the ebnpe of tbe bead of tlie child. In 

okea, according to Schl^el, the form of the body and the manner 

' swallowing determine the position and form of several of the 

ost img-ortant viscera. 

The nature of the bond is frequently quite obscure. M. Is. 
GcoCroy St Hilairo has forcibly rc-inarked, that certain malcon- 
lannations frequently, and that others rarely, co-oiist, without ont 
being able to assign any reason. What cim be more singular than 
Uio relation in cats between complete whiteness and bine eyes wiiii 
fc a fiw M, or between the tortoise-shell colour and the female aei ; 
or in pigaons between tliuir feathered feet and skin betwixt the outer 
toes, or between the prusonce of more or leas down on the yocng 
pigeon when first hatched, with the future colour of its plumage; 
or, ^mn, the relation between the hair and teeth in the naked 
Turldsh dog, tbotigh here iio doubt homology comes into play? 
yt'ah recpect to this latter case of correlation, I think it can hardly 
j^B aoddenlal, that the two ordera of mammals which are mott 
.heir dermal covering, viz., Celacea (whales) aitd 
£dentata (armadilloes, scaly ant-eaters, &c.), ore likewise on the 
whole the most abnomml in their teeth ; but there are so many 
eiMptinns to tliis rule, as Mr. Mivart has remarked, that il bus 
littlanlna. 

I know of no case tetter adapted l« show the importance of the 
laws of correlation aijd variation, independently of utility and 
therefore of natural selection, than that of the difference between 




llie onter &iid mucr flower? in aaiae Coiupositotts nnd UmbeltiTcroas 
phnts. Every one is tijniliar wilb the diEferance between the ray 
mid centml florets of, lor iuauiicc, the daisy, and ttiiB difference is 
often accompanied with tlic pLirtial ur complete abortion of the 
Tc|>roductive organs. Hut ia some of these plants, the eccds iilio 
differ ia shape and sculpture. These differences have aometinies 
been attributed to the [ircsiiure of the Lnvolucra on the florets, or 
to their mutual pressure, and the shape of the seeds in the nf- 
floreta of some Comiiosilaj countenances this idea; bat with the 
Uinbellifenc, it ia by no uicans, as Dr. Hooker informs mo, the 
species with the densest heads which most frequently differ in 
their iimcr and outer llowcr^. It might have been thought that 
the development of the ray-i>ctals by drawing nourishment from the 
reproductive organs causes their abortion ; but this can hardly be 
the sole cause, for iu some Composite the seeds of the outer and 
inner florets differ, without any difference in the corolla. Posdbly 
these several difTercnces may be couoccted with tbe different flow 
of nntriment towards ihe central and external flowers: we know, 
at least, that with irr^lar flowers, those nearest to the axil are 
most subject to peloria, that ia lo become abnormally symmetrical. 
I may add, as an instance of this fact, and as a strikius i^"^ "t 
correlation, that in many peliii^Diuins, the two upper petals in 
the central flower of the truss often lo»e their patches of darker 
colour; and when this occurs, the adherent nectary is quite aborted; 
the central flower thus becoming peloric or n^lar. When the 
colour is absent from only one of the two nppcr petals, the nectary 
is not qoite aborted but is much shortened. 

With respect to the development of the corolla, Sprcngd's idea 
that the ray-florets servo to aitract insects, whose a«cncy is highly 
advantageous or necessary for the fertilisation of these [<Ianls, is 
highly probtthio; and if so, natural selection may h.ivc come into play. 
But with respect lo the seeds, it seems impos^ble that their differ- 
ences in shape, which are not always correlated with any difference 
in the corolla, can be in any way beneficial: yet in the Umbelli- 
ferio these difforenoea are of siich apparent importance — the E«ed9 
being Kunetimea ortho^i^rmuus iu the exterior flowers nnd ca:to- 
spermoua in the central flowers, — that the elder De CondoUe 
founded his main divi&ions in llie order on such chsracterB. Henoo 
mudificatione of atmclure, viewed by systematists as of high TalM, 
may be wholiy due to the laws of variation and correlation, without 
being, as for as we cau judge, of the slightest service to the species. 

We may often faU>ely attribute to correlated variation etructures 
which are conmiou to whole groups of species, and which in truU) 
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»TC simply doc to inhpritance ; for an ancient progenitoc may have 
ucquireil tbrongh oatiml selectioQ iotaf one nodificatioa in itnic- 
ture, and, after ibouauds of gcD^rations, some other and iude- 
pendent modlQcatioD ; and theac Iwo iDodlficationa, having \xea 
transmitted to a whole group of descendants with diverse habile, 
woDtd lutarally ba thought to bo lu some Deceaaai; maimer cor- 
rdated. Some other correlations are apiareotly doe to the manner 
in which natural selection can alone net. For inslaDce, Atph. dc 
Caodolle baa remarked that winded £eeds are never fonnd in fruiis 
nhich do not open : 1 should eipkiu this role by the imposubility 
of seeds gmdually beccmung ninged through nato ml selection, unless 
the capaiilM were open ; for in this case alone could the seeds, which 
were a little better adapted to be trnrted by the wind, gain an 
advani4t^ over others lest well Httod for wide dispersal. 

Cbmpcnmlum and Economy of Growth. 

The cidei Geoffroy and Goethe propounded, at about the same time 
thmr taw of compeuEation or balanccracnt of j^owch ; or, as Goethe 
expressed it, ''in order to spend on one slile, nature is forced tu 
economise on the other side." 1 think this holds true to a ccriain 
extent with oar domestic praductioos : if nourishment fiows to one 
pirt or organ in excess, it ixrely flows, at least in excess, to another 
port ; thus it is difficult tu got a cow to give much milk and to 
liitten readily. The same varieties of the cabbage do not yield 
abundant and nutritious foliage and a copious supply of oil-bearing 
aeeds. When the seeds in our fruits become atrophied, the fruit 
itself pkins largely in size and qunlity. In onr poultry, a lai^e 
tnft of leathers on the head is generally accompanied by a diminished 
oomb, and a lar^e beard by dtminislied wattles. With species in 
a stale of nature it can hardly lie maintained that the law is of 
univenal application ; but many good observeia, more especially 
bot&nists, believe in iu truth. I will not, however, here give any 
iustanccs, for 1 see hardly any way of distinguishing between the 
effects, on the one hand, of a part being lately developed through 
natural selection and another aii<l .Tdjoining part being reduced by 
this same process or by disuse, tmd, on the other hand, the actual 
withdrawal of nutriment from one port owbg to tie excess ot 
growth in another and adjoining i^irt. 

I suspect, also, that some o! the cases of compensation which 
havo been advanced, and tikewise isomc other liicts, may be merged 
Utder a more general principle, namely, that natural selection is 
ocntintially trying to economise every port of the organisation. If 
under changed conditions of life a structure, before useful, hecomat 
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IcM useful, its diminutiun will be favonred, for it »"ili profit the 
iudiTidnal not to have its autrimtiiit wasted in buililmg up an 
iiseless structure. I can thoa only understand a fact with which 
I was mach struck when exanuDlD^ ciiripedi^s, and of trhicb manj 
nnalogona iUBtaacGs could be given: onmely, that when a cirripede is 
parasitio within anotherxtnipedc and ia thus proleoted, it loaea mmv 
or Usa completely its own ahell or caraj'sce, IliU is the case with 
the male Ibla, and in a truly extraordinary manner with t}ie Prot^o- 
lepaa: for the carapace in all other cirripedes condsts of tlia three 
highly-importaot anterior segments of the head enormously deve- 
bped, and furnished with great nerves and muscles ; but in the 
parastllo And protected Protoolepas, the whole auteiior part ol 
the b«&d is reduced to the merest rudiment attached to the bases 
uf the prehensile anteDoie. Now the saving of a large and complex 
fltmcture, when rendered flnporfluous, would be a decided advantage 
to each successive individual of the ejiccies ; for in the struggle for 
life to which every animal ia exposed, each would hnve a better 
chance of supporting itself, by Ic^ nutriment being wasted. 

Thus, as I believe, natural sclecLiou will teed in the long nm Vt 
reduce any part of the organisation, as soon aa it becomes, tlirou^ 
changed habits, superfluoua, without by any means causing soina 
other pftrt to be largely developed in a corresixinding d^ree. And, 
oonvorsely, that natural selection may perfectly well succeed in 
largely developing an organ without requiring aa a necesaaty ocao- 
peusatiou the reduction of some adjoining part. 






It aeema to be a rule, as remarked by Is. Geoffroy St. E 
both with varieties and species, that when any part or oqjfaii 4' 
repeated many times in the same individual (as the Tcrtebm ilt 
snakes, and the atameus tn polyaudrous Sowers) llie number u 
variable ; whereas the same part or organ, when it occura in lesser 
nmnbers, is constant. The same author as well ns some botaniits 
have further remarked that multiple parts are extremely liable to 
vary in structure. As " vegetative repetition," to use Prof. Owen's 
expression, is a sign of low organisation, the foregoing statements 
accord with the common opinion of naturalists, that beiugs which 
stand low in the scale of nature are more variable than those which 
are higher. 1 presume that lowness hero meaus that the suverel 
ports of the organisation have tx^n but little spedalised for {«rticiiUr 
fiuctioiis ; and as king as the same port has to perform divet^fiol 
nrork, we can perhaps see why it should remain variiblc^ that i!^ 
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why iwturui aelection should Dot have prcscrred or rejected each 
liltle ilevialioD of form so carefully as wliua tho part bus to Etrvi: 
for lOBie one apecial purpose. In lii; some way tliat a knife wliich 
haa to cut all surls of things may be of alniost any eliape ; whilst 
B tool for some particular purpose nnist \k of some i*rticukr 
sliape. Natural selection, it should never be forgotten, can act 
■tolely thi'ough aod for the adTaoIa^o of each being. 

Rudimentaiy parts, as it id generally admitted, are apt to ho 
bijjiily xiu-iable. Wo H*ia|l have to recur to thia subject; and 1 will 
tji're only add that their Tariability seema to result from their uie- 
le^isovos, ntid cousequently from oatunil Eclection haviiig had no 
puwet to cbsck deviations in their structure. 

A Part dcodeprd in any Sprcia in an extraordinary degvta or 

manner, in eompariion viith tht tamt I'^irt in allied Sj>eeie$, 

Undt to bt higldy variahle. 

Several ycnta ago I was much struck by a remark, to the above 
dioct, niBiie by Mr. Wntitrhouao. I'rofessor Owen, also, seems to 
bavQ come (o a acwly einiihr couclusioTi, It U hopclew to flttempl 
ii> convince any one of tho truth of tho above pTa[iositioa without 
);iving the long array of facts which 1 have collected, and which 
iMinot possibly W here introduced. 1 can ooly state my conviction 
that it is a rule of bigh generality. I am aware of several causes of 
error, but I hope ttiat 1 have made tliie allowance for them. It 
■bould be onderstood that the rule by no mcins applies to any 
part, however unusually developed, unless it hu unusually developed 
■'Ik oua fpecics or io a few species in comparison with the same part 
I ia many closely aUied species. Thus, the wing of a bat is a most 
tructuro in the class of mammnls; but tho rule would 

It ai^y here, because the whole group of bats possesses wiugs ; it 
"d apply only if some one species had wings developed in a 
irkable inaoner in comparison with the other »pccies of the 
i. The rule applies very strongly in the case of secondary 
acxoal characters, when displayed in any unusual manner. The term, 
aocondaiy sexual characters, used by Uuulor, relates to characteTs 
wtiich Bie attached toonesex, butarenotdirectly connected with the 
act of reproduction. The rule applies to nuilcg and females; but more 
larety to the females, as tbcy seldom offer remarkable secondary sexual 
diaractera. Tbu rule belngBoplainlyapplicableiuthocaae of secondary 
t«xnal characters, may be due to the great variability of these cbsrao- 
loa, whether or not dinplayed in any onusunl manner — of which fact 1 
think tbrni cau bo little doubt. But that our rule is ii<it coL-fiiJi-U 
to aecondary sexual eb.iraclers is dearly shown io tl^e caes of 
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hetmaphroditB cirripeiJe); I f*rticularly attended to Mr. Wate> 
hoiue'a remark, whilst investigating this Order, and I am fully con- 
Tincrf that Iho rule almost always holds good. I ahall, in a fntore 
iFork, give n list of all the mora remarkable coses ; I will here gire 
only one, as it ilhistratcB tho nile in its largest application. The 
opercular yalves of sessile eirripcdes (took barnacles) ore, in cTcry 
sense of the word, very important structures, and they differ 
extremely little even in distinct genera ; but in the Reveral species 
of one gouus, Pyi^ma, these valves present a marvellons asioiiut 
of diversification; the homologous valves in the different speciisi 
being sometimes wholly unlike in shape; and the amount of varia- 
tion in the iudiriduala of the same species is so great, that it is no 
exaggeration to state that tho varieties of the aame species differ 
more from each other in the characters derived from these impor- 
tant organs, than do tho specira belon^ng to other distinct genera. 

As with birds tho individuals of the same species, inhabiting the 
(tame country, vary extremely little, 1 have particularly attended to 
them ; and the rule certainly seems to hold good in this dasB. I 
cannot make out that it applies to plants, and this would have 
seriously shaken my belief in its truth, had not the great vari- 
nbjlily in plants nmde it particularly difficult to com|.iare ibdr 
rehitive der^rees of variability. 

When we see any part or organ developed in a remarkable degree 
or manner in a species, the fair presiunption is that it is of high 
importance to that species ; nevertheless it is in this case eminently 
liable to variation. Why should this be so? On the view that 
each species has been iudependently created, with all its parts as 
we now see them, I can see no exphmation. But on the view that 
grocps of sjiecies are descended front some other species, and hava 
bees modified through natural selection, I think we can obtain 
sjme light. First k-t mo make some preliminary remarks. If, in 
our domestic animals, any |)art or the whole animal be neglected, 
and no selection be applic-d, that part (for instance, the comb in Um 
Dorking fowl) or the whole breed will ceasa to have a uniionn 
character ; and the breed may be said to be degenerating. In 
rudimentary organs, and in those which have been but little 
specialised for any particular purpose, and |)erhaps in polymorphic 
groops, we see a nearly parallel case ; for in snch cases natural selec- 
tion either baa not or cannot hiive come into full play, and thus the 
organisation is left in a fluctuating condition. Cut what here more 
particularly concerns us is, that those points in our domotie 
animals, which at the present time are undergoing rapid chan$n by 
ooniinucd selection, are alao eminently liable to variation. Look at 
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tlie individoala of the eaxae breed of tlic pigeon, and see nluit n 
prodigious amount of difforeoce thi^re is in tbc beaks of tumbtera, in 
the beaks and wattle of carriers, in the carriage and tail of fautails, 
&c, tlieae being ihe points now mainly attended to by English 
fanciers. Even in the aame aub-brced, as in that of the ehort-faccd 
Inmbler, it is notoriouslj dilficult to breed nearly perfect birds, 
many departing widely from the afcmdard. 'I'bere may truly be 
raid to be a conatant struggle going on betivecu, on the one hand, 
Uic tendency to reversion to a less perfect stitc, as well as an innale 
tendency to neff variations, and, on the other liand, the power of 
Eleadj selection to keep the breed true. In the long run selection 
l^uius tbeday.nnd we do not expect to fail so completely as to breed 
bird as coarse as a common tumbler ]'i}:eoii from a good s!iOTt--fliced 
strain. But as long as selection is rapidly going on, much voriubility 
in the parts undergoing modification may always be expected. 

Kow let us turn to nature. When a part has been developed in 

AD extraordinary manner in any one Bpecies, compered ivitli the 

other species of the same genus, we may conclude that this part has 

UDdeTgone an Mtmordinary amount of modification bImo tho period 

when the several species branched off from the common progenitor 

of the genua. This period will seldom be remote in any extreme 

degree, as sjiccics rarely endure for more tlian one geological period. 

An extraordinary amount of modlGcatloQ implies an unusually 

large and long-continued amount of variability, wbtch has con- 

tiuually been accumulated by natural sclcctbn for the benefit of 

Ihe species. But as the variability of the extraordinarily developed 

VpftTt or organ bos been so great and long-continued within a period 

Kn»t excessively remote, we might, as a {jenemi rule, still expect to 

kCnd care vanabllity in such parts than in other parts of the 

■'fyinJHtinn which have remained for a much longer period nearly 

B«pci8tut. And this, I am convinced, is the case. That the struggle 

HMween natural selection on the one linnd, and tho tendency to 

' nveiMOD and variability on the other hand, will in the course of 

time cease ; and that the most aboorrtmliy developed organs may be 

made couslant, I see no reason to doubt. Hence, when an organ, 

however abnormal it may be, has been transmitted in approximately 

the snmo condition to many modified dcacendnnts, as in the case of 

the wing of the bat, it mubt have existed, according to oar theory, 

fur on immense [jeriod in nearly the same state ; and thus it has 

tune not to be more variable than any other structure. It is only 

■Q those cases in wliich the modification hns been comi;iaratiTc1y 

recent and extraordiuarily great that we ought to Gud the ^tneratioe 

mriabilily, as it way be called, still present in a high degree. For 
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In this case the Tariabiiity will seldom as yet havo bi'i'ii fixed by 
ttte coatiDUcd selcctiou <j( the individuals viu^ing in the required 
manner and degree, and by ibc continued rejection of thcee t 
to revert to a former and loss-mod ifiud condition. 

Specific Characteri more VuTsuUe than Qaterie Charaeten. 

The principle diacussod under the last heading may be applioi to 
our present aubject. It ia notorious (bat epecific cLaractere «ro 
more varinblo tlinn geneiio. To explain by a simple es»mp)e what 
is meant: if in a tar^o genus of plants soma siiecioa had blue 
Honers and some bad red, the colour would bo only a specific 
character, and no one would bo surprised at one of tlie blue apcciet 
varying into red, or eonvorady ; bat if all the species bad blao 
flowers, the colour would l«:come a generic character, and its varia- 
tion would be a mora unusual circutnatance. I have chosen this 
example because the cxplauation which most rutturatists would 
advaacc is not here applicable, namely, that specific characters sr« 
more variable tlian generic, because they arc taken from parts of less 
physiological importance than those commonly used for clasaitiS 
genera, I believe this eiplunation ia partly, yet only indirectly, 
true; I shall, however, have to return lo this point in the chapter 
on Clflssiflcation. It would be almost superfiuous to adduce evidence 
in support of the atatenient, that ordluary specific characters aie 
more variable than generic ; but with respect to important chanic- 
tcra, I have repeatedly noticed in works on natural history, that 
when an author remarks with siirprise that some imporuint organ 
f part, which ia generally veiy conataot throughout a large gpsnp 
of species, differs considerably in closely-allied species, it is ofren 
aariabU iu the individuals of the same species. And this fiict shows 
that a charaoter, which is generally of generic value, when it sinks 
in value and becomes only of specific value, oftiu becomes variibk, 
ihough its phyaolojical importance may remain the same. Som^ 
thing of the some kiud applies (o mooatrositiea: at least Is. Geo&oy 
SL Milaire apparently entertains no doubt, that the more an oi^put 
normally differs in tlie different species of the same group, the mote 
subject it is to anomalies in the individuals. 

On the ordinary view at each Epeciee having been independently 
sreatcd, why should that part of the structure, whieh differs from 
the same part in other independently-created species of the same 
^enus, be more variable than those jorts which are closely alike in 
[he several species? I do not see that any enplaantion can be 
given. But on the view that species are only strongly marked and 
fixed varieties, we might expect often to find them still continuing 



lo vary in tboao parts of their structure which have varied witHn a 
□loderalely reccat period, aud which have thus come to differ. Or 
to state the ease in another manner: — the poiDls in which all the 
ipecies of a gectis resemble each other, and in which they differ 
from allied genera, aie called generic characters ; and thcEe characters 
may bo attrihiited to inhcritaiice from a common progenitor, for it 
cut tarelj have happened that natural selection will have modified 
oeveial distinct spedea, fitted 10 more or less widely- difierent habits, 
in exactly the samo manner : and as these so-called generic charac- 
taa hare been inherited from before Iho jwriod when the several 
species first branched off from their common progenitor, and subse- 
quenliy have not varied or come to differ iJi any degree, or only in a 
slight degree, it is not probable that they should vary at the present 
Jay. On the other hand, the points in which species differ from 
other species of the same genus are called specific ohnraclera ; and as 
lhe« specific characters have varied and come to diSer since the 
period when fbo species branched olT from a common progenitor, it 
is [Tobable that they should still often bo in some degree variable, — 
at least more variable than those parts of tlio organisatiou which 
have fur a very lung period rcmaincil constant. 

SecoTidary Sexual Characieri Variaiile, — I think it will be ad- 
mitted by naturalists, without my entering on details, that 
fecondaxy seznat characters are highly variable. It will also be 
sdnutt«d that species of the eamB group differ from each other more 
widely in their secondary sexual characters, than in other parts of 
their organisation : compare, for instance, the amount of difference 
between the males of galliuaci'ous bu^, in which secondary sciual 
cbaiaeters are strongly displayed, with the amount of difference 
between the females. 1'he cause of the original variability of these 
chamctan ia not manifest; but we can eee why they should not 
have been rendered as constant and uniform as others, for they are 
aocitmuiated by sexual selection, which is less rigid in its action 
than ordinnry selection, as it does not entail death, but only gives 
fewer ot&pring to the less favoured males. Whatever the cause may 
b« of Hie variability of secondary seiual characters, as they are 
h^hly variable, sexual selection will havo had a wide Eco]>e for 

' 1, and may thus liavo succeeded in giving tu the sjiecies cf the 
« group a greater amoimt of difference in these than in other 

E It is a remarkable fact, that the secoDd;iry differences between 
a of the same species are generally displayed in tlie very 
mo ports of the orgnnisntion in which the species of the same 
( differ from earh other. Of this het 1 will give in illii»- 
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IS nhich happeu lo GlaDd on my list ; 
ftnd as tlic UifforeDces in tlicao cnaes are of a very unusual nalun;, tba 
lelation can liardly be accidental. The same number of joiQts ia 
tlio taisi is a character cummon to very Urge troupe of beetles, but 
In tlie ICiigidn, lu Wcstwood bos remarked, the number variix 
greatly ; nod tlie number likowise differs in the two kkcs of tlie 
■ami: Kpeclea. Agniu in the fouorial bymeuoplera, the neuratiou of 
tbo wingH ii a character of the highest importance, b«aasc common 
U> lai^^^ups ; but in certain };eDera the neuration difT^rs in thv 
different species, and likewise in the two seres of the same Epeciee. 
Sir J, Lubbock has recently remarked, that several minute craito- 
ceana oSa cxcollcut illustratioua of this law. " In Pontella, for 
instance, the sexual character* are afforded mainly by tho anterior 
anteoiUB and by tho fifth pdr of Icgi : the specific diffcreooes also 
are principally given by tliesc or;;ana.'' This relation has a clear 
meaning on my view : 1 look nt all the species of the same genua as 
having as certainly descended from a coounon progeoitor, aa have 
the two sexes of any one species. Consequently, whatever ptkrtof 
Uia Btmolurc of tbo common pro^oitori or of its early deBGeidAiit% 
became variable, variations of this part would, it is highly prohaUe, 
be token advantage of by natural and sesoaj selection, in o^er to fit 
tiio several epeclvs to their acvend places In the economy of natm, 
and likewise to fit tho two sexes of the same species tn eacli oUur, 
or to lit the males to struggle with other males for tho possesnon of 
the females. 

Finally, then, I conclude that tho greater varisbility of apecifio 
chsractera, or those which distinguish species from species, than of 
generic characters, or those whicli arc posacaicd by all the epeciea; 
— that the frequent extreme variubiUiy of any juirt which is dev^ 
loped in a species in an extraordinary manner in comparieon mth 
tlic same part in its congeners; and the slight degree of variafailitf 
in a part, however eitmardiuaiily it may be developed, if it b« 
common to a whole group of species ;— that tho great varialnli^ of 
secondary sexual chnnicters, and their great dilTcrence in cloa^ 
nllii-d spixies ; — tlial sccoudnry sexual and ordiosry specific difter- 
etices »ro generally displayed in the same parts of the organisBtion, 
— arc ail principles closely connected together. All being mainly 
due to tho species of the same group being tlie desccndauU o( 
a common progenitor, from whom they have inherited much In 
common, — to paria which have recently and largely varied being 
more likely still lo go on vnrying than parta which have long been 
inherited and have uot varied — to ii.itural svlection liaving mora or 
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le*s C0Qi[)iEtcly, according to the liipsc of time, ovofmaBtercd tljo 
iL-inlcncy to rercTsion aud to fiirlher variability, — to sexual selection 
Iw'ing laa rt^id thno anlinury selection, — and to variationB ia tha 
tniiie [iMts huving been eccumulatcd by natural find sexual selection, 
mill liaving been thus adu])l«d for eocondary Hexual, and for ordinary 

J'iMmtl Speeiei prtient atuilogoui Varialiant, «o that a Farieti/ 
1/ twi# Spreitt ofif-n asiuma a Charofter proper to aa allied 
.Sprcirt, or rrverU (0 lome of Iht CliaraeUri o/an early Progenitor. 
— '1 ben propositioua will be moat readily understood by looking lo 
our domeHtic trcgb. Tho most distinct breeds of tbo pigeon, in 
couutriea widely opart, present sub-variolieB witii reversed feathers 
ou the bead, and with feathers on the feet, — chamctera not possessed 
by the aboriginal rock-pigeon ; these then are analogous variations 
in two or more distinct races. The frequent presence of fourteen 
or even sixteen tail-feathers in the pouter may be considered as a 
vftriaUoo representing the normal structure of another race, the 
bntaiL I presume that no one will doubt that all such analogaiis 
Tuiatioog sre due lo the aever^ mctiD of the pigeon having inherited 
from a comioon imrtnt the Enmo constitution and tendency to 
variation, when acted on by similar unknown inflQences. In the 
vi^etable kingdom we have a case of analogous variation, in the 
enlarged stems, or as commonly called roots, of tho Swedish turnip 
and KntB baga, plants which several botanists raiik as varieties 
pr«dnc«d by cidtivation from a cotrunon parent ; if this be not so, 
tho case will then be one of analogous variation in two so-called 
tlistiDct species; and to these a third may be added, namely, the 
common tnmip. According to the ordinary view of each species 
liaving beeo independently created, wo should have to attribute 
this Rimihuity in the enlarged stems of these three plants, not to 
the tera emua of community of descent, and a consequent tendency 
to vary in a like manner, but lo three Bcjiarata yet closely related 
acts of creation. Many similar cases of anabgous variatiun bavo 
been obewved by Naudin in the great gourd-family, and by various 
■ulhoTB in our cereals. Similar cases occurring with insocta under 
rml conditions hare lately been discuitsed with mi:ch ability by 
Walsb, who has grouped tbcta under his Ian of Equable 
lUUty. 
Witli pigeons, however, wo have another case, namely, tho occa* 
Mud appearance in all the breeds, of sUty-blne birds with two 
Hack bars on ilia wingM, white loins, a bar at the end of ihe tJiil, 
with the outer feathers exttmally edged near their .^iws Wiib 
white. Aa all these marks arc characteristic of tho [laniEt rock- 
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, I presuuie tliat no one will doubt thai this is a case of 
I, and not of a new yet annlogoiis varintion appearing iii 
the several breeds. We may, I thick, coiiMently come to tlii$ 
concloaioD, because, as we have seen, these coloured marks ore 
emiueDtlj liable lo appeal in the croBscd oBBpriog of two distinct 
and differently coloured breeds ; and in this case there is nothing 
in the externul conditions of life to cause the reappearance of the 
aLit^'blue, with the several marks, beyond the in&uence of the mere 
act of crossing on the laws of inheritance- 
No doubt it ia a very aurpming tact that characters should re- 
appear after having been lost for many, probably for hundreds oi 
generations. But when a breed has been crossed only once by some 
other breed, the offspring occasionally show for many generations a 
tendency to revert in character to the foreign breed — some ssy, for 
a dozen or even a score of generations. After twelve generations, 
the proportion of blood, to use a common expression, from one 
ancestor, is only 1 in 2018 ; and yet, as we see, it is generally 
believed that a tenilency to roverBJon is retained by this reainaut ci 
loroiga blood. In a breed which hna not been crossed, but in whirt 
iot/i parents have lost soma chamcter which their pn)>jeaitor pos- 
sessed, the tendcrxy, whether strong or weak, to reproduce the lost 
character might, as was formerly remarked, for all that wo can see 
to tlie contrary, be tranamitted for ahnoat any number uf gener- 
ations. When a character which has been lost in a breod, reappear! 
after a great number of generations, the most probable hypothesis 
is, not that one individual suddenly takes after an ancestor 
removed by some hundred generations, but that in each saccessve 
generation tbe character in question has been lying latent, and at 
last, nnder unknown favourable conditions, is developed. With the 
barb-pigeon, for instance, which very rarely produces a bine bird, il 
is probable tb^t there is a Intent tendency in each generation ID 
produce blue plumage. The abstract improbability of such a ten- 
dency being transmitted through a vast number of generation^ ii 
not greater than that of quite useless or rudimentary organs bong 
similarly transmitted. A mere tendency to produce a mdimont i^ 
indeed sometimes thus inherited. 

As all the species of the same genus are supposed to be descended 
from a common progenitor, it might be expected that ibe; woold 
occaiiooally vary in an analogous manner ; so that the varieties of 
two or more species would resemble each other, or that a Tarioty 
of one spt>cies would resemble in certain characters another and 
distinct species, — this other species bting, according to onr eien, 
only a well-marked and permanent varietv. But characters excin- 
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rively due to amilogoua variiition wonld prolKibly be of an nnim- 
poituit nature, for tbo preservation of all rmictiooallj importtnt 
ohuacters will hfivo been detunniDOil tbrougli nntural selection, in 
■ccordanu with tha different habits of the Bpeoiea, It miRht 
farther be expected that the apecicB of the same genuB woold occa- 
tionally eihiblt reversions to long lost characters. As, boncvcr, 
we do not know the common ancestor of any natural group, we 
oumot distinguiah between reversionary and analogous characters. 
I£, for inst&Dce, we did not know that the parent cock-pigeon waa 
not feather-footed or ttira-croivned, we could not have told, whether 
mcb characters in our doraeGtie breeds were reveraiona or only 
analogouB variations ; but we might hare inferred that the blue 
colour was a case of rcvemion from the nurobcc of the marking?, 
which are correbted with this tint, and which would not probably 
Lave all appeared together from simple variation. More espcciall}' 
we might have inferred this, from the blue colour and the sevcrul 
marts so often appearing when di&orcntly coloured breeds nrc 
crossed, ficnce, although under nature it must generally be left 
doubtful, what casca are rerorsions to formerly eiisting characters, 
aad what ore new but analogous variations, yet we ought, on our 
theory, sometimes to Und the varying offspring of a species assuming 
, daracters which are already present in other members of the same 
^ poap. And this undoubtedly is the case. 

The difficulty in distingui^ing variable species is largely due to 

B Jhe varieties mocking, as it were, other species of the same genits. 

■ A coD^efable catalo;;uo, also, could be given of forms intermedin te 

1 tntweeo two other forms, which themselves can only doubtfully 1>e 

, anked u species ; and this shows, unless all these closely allii'd 

Jbrms be considered as independently created species, that they 

have in varying assamed some of the characters of the others. But 

the bttt evidence of analogous variations is afforded by larta or 

It which aro generally constant in character, bat which occa- 

I jdonatly vary so as to resemble, in soma d^reo, the same part or 

m allied species. I have collected a long list uf foch 

X; bnt here, as before, I lie under the great disadvantage of not 

g able to give them. I can only repeat that such cases cer- 

t't^nljr occnr, and seem to me very remarkable. 

I will, however, give one cnrious and complex case, not indeed as 

affecting any important character, isit from occurring in several 

■pedes of the same genits, pnrtly under domestication and partly 

_ tinder nature. It is a case uliiiost certainly of reveraioo. The a^ 

^L •otnetimes has very distinct transverse bars on its legs, like those 

H n the 1^ of the zebra : it has been asserted that tJiese are plaincat 
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in the foAl, und, from ioijuiricB nbich I have made, I believe ibJa 
to be true. '1 lie etrijie on ihe shoulder is sometimes duulite, and 
is ttTj rariitblc in lungtli and outline. A wliite ass, biit not kn 
blbino, has been described wiiliout cither spinal or shoulder stripe: 
and tbe!ic stripes are Eometimcs very obscure, or actually quite loet, 
in datk-coloured asses. The koulan of Pallas is said to have been 
been with a double shoulder-B tripe. Mr. Blylh has seen a specimen 
of the hemionus with a distinct sboulder-a tripe, though it properly 
has none ; and I hare beau informed hj Colonel Pools that the 
foals of this species ore generally stri;:cd on the legs, and faintly on 
iho shoulder. The quaggo, though so plainly barred like a xebta 
over the body, is without bars on the legs ; but Dr. Gray has ficured 
one apecimen with very distinct sicbra-Uke bars on the hocha. 

With respect to the horse, 1 have collected cases in England of 
the spinal stripe in horses of tha most distinct breeds, and of aS 
colours : transverse hars on the legs are not raro in duns, mouse- 
duns, and in one instance in a chestnut : a faint shoulder-stripe may 
sometimes be seen in duna, and 1 have seen a trace in a hay hone. 
My son made a careful examination and sketch for me of a doii 
Belgian cart-horse with a double strii>o on each shoulder and with 
leg-stripes ; I have myself seen a dim Devonshire pony, and a 
small dun Welsh pony h.is been carefully described to me, both 
with tliret porallc! stripes on each shoulder. 

In the nortli-wcat part of India the Kattywar liroed of horaes is 
so genemily striped, that, ns I hear from Colonel Poole, who eia- 
mined this breed for the Indian Government, fk horse without stripes 
is not considered as purely-brcd. llie apine is nlways striped i the 
legs are generally barred ; and the shoolder-stripc, which is some- 
times double and sometimes treble, is commnn ; the side of the 
face, moreover, is sometimes striped. The stripes are ofU'u plaineat 
in the foal ; and sometimes quite disappear in old horses. Colond 
I'oole has seen both gray and bay Kattyn-ar horses striped when 
first foaltd. 1 have also reason to suspect, from information given 
me by Mr. W. W. Edwaids, that with the English race-horso the 
t:piDBl stri|>c is much commoner in the foal tlioa in the full-grown 
animal. I have myself rtcently bred a foal from a bay mare (off- 
si)ring of a Turcoman horse and a Flemish mare] by a bay English 
mce-hotse ; this foal when a week old was marked on its hinder 
i|unrtcie and on its fort^hcail with numerous, very narrow, dark, 
iM'brar-Iike bars, and its li'ga ivtro feebly striped : all the stripes soon 
disappeared completely. Without hero entering on further details, 
L may state that I have collected cases of leg and shoulder stripes 
in horsea of very dliferenl breeds in various countries from BriUliD to 



rcBiF. r.] 



AKALOGOCS VARIATIONS. 



129 



EoeUtd Chiii3i; ami from Somay ia the north lo the M&lay Archi- 
pelago in the Eonth. In all porta of the world these Btrii«s occur 
br oflenest in duns fttitl moosc-duna -, by the term dun a Inrge rouge 
of colour ia included, from one betivecu brown ond block to o cloe^ 
appmnch lo crcam-coluur, 

1 nm aware that Colonel Hamilton Smith, who hos written on 
thU Bubji.'Ct, believes that the Bcvcrnl brcods of the horsti are 
dccrandcd from several aboriginal speclos — ono of which, the dun, 
w^s striped ; and that the aboTc-dtwribed oppeoranceB aru all duo 
to aucipiit ciOBSes with the dun stock. But this view maj be eafely 
rejected ; for It is highly improbablo that the heavy Belginn cart- 
horse, Welsh ponies, Norw^ian cobs, the lanky Eattywar ncc, Ac, 
iubabiiing tbe most distant parts of the world, should oil have 
bccD crossed with one supposed aboriginal stock. 

Kow let us turn to the effects of crossing the several species of 
the horse-genUB. ItoUin asserts, that the common mule from the 
ass and horse is jarticulorly apt to have bars on its logs i accord- 
ing to Sir. Gosse, in certain parts of the fnited States about nino 
out of ten mules have striped legs. I once saw i. tuuie with its 
legs so much striped that any one might have thought that it waa 
» hybriii-zebra ; and Mr. W. C. Martin, in his excellent treatise on 
tbe horse, has given a figiiro of a similar mule. In four coloured 
drawing!;, which 1 have seen, of hybrids between the ass and zebm, 
the Ic^ were mnch more plainly barred than the rest of the body ; 
and in one of them thcru was a double shoulder-stripe. In Lord 
Morton's lamoua hybrid from a chestnut mare and male quogga, 
the hybrid, and even the pure ofTapring subsequently produced 
from the same more by a block Arabian sire, were much more 
plainly barred across the logs than i:i even the pure quagga. 
Ijistly, and this is another most remarlknb1ecass,B hybrid has been 
figured by Dr. Gray (and ho informs me that he knows of a second 
s) from the ass and the homionus ; and this hybrid, though the 
■M only occosionally has stripes on his legs and the hemioDUS hos 
and has not even a shoulder-stripe, nevertheless bad all four 
barred, and had three short Ehoulder-stripos. like those on the 
Dovoosbite and Welsh ponies, and oven had some zebra-like 
fltripe* on tho sides of its face. With respect to this last fact, I wnf 
•o coDTinc«d that not even a striiw of colour appears from what is 
commonly called chance, that 1 was led solely from the oi 
of the fiue-etripcs on this hybrid from the ass ond hemiouus to 
I'donel Poole whether such bee-stripes ever occurred in the c 
oently striped Kattywor breed of horses, uid was, as we have k 
answered in the ailirmotiv& 
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What now arc we to say tc thcfe several facts? We see seveial 
distinct Bpecics of the horsc'gt.'nus bccomin};, by simple Taiifttioo. 
striped on the legs like a zebra, or striped on the BhoulderB like m 
ass. In the horse we sea this tendency strong whenever & don tint 
appears — a tint which upproaelics to that of tho genc-rai coburing 
of the other sjiecifa of tho genus. The appcaranct of the stripes is not 
accompauiod oy any change of form or by any other new chajHcter. 
Wc see this tenilency to become striped most strongly displayed in 
hybrids from between Sk!veral of the must distinct sxiecies. Now 
observe the case of the several breeds of pigeons : they are descended 
from a pigeon (iDcluding two or three sub-ejjccies or geographical 
races) of a bluish colour, with cerlain bars and other marks; and vhea 
any breed assumes by simple variation a bluish tint, these bus and 
other marka invariably reapi>rar j but without any other change of 
form or character. When the oldest and truest breeds of vaiioni 
colours are crossed, we see a strong tendency for the blue tint and bars 
and marks to renppcarin the mon<^els. I have stated that the moat 
probable hypothesis to account for the rcnpjienrance of very ancient 
characters, is~tlist there is a tmdmcy m the young of cadi sucoes- 
.tive generation to produce the long-iost character, and that this 
tendency, from imknown causes, soiuetimea prevails. And ive havs 
juBt seen tliat in several species ol tlie horae-genns the stripes an 
either plainer or apptar more commonly in the young than in the 
old. Call the breeds of pigeons, some of iTiiich have bred tine for 
centuries, specica ; and how exactly parallel is the case with that ot 
tho species of tlie horsi-genna I For myself, 1 venture confidcnily 
10 look back thonsands on thousands of generations, and I sec an 
unimal striped like a iscbra, but perhaps otherwise very difiereutly 
construcred, tho common parent of our dontistie horse (whethi'T or 
not it be descended &om one or mom wild stocks) of the ass, tha 
hemionu.s, qiugga, and zebra. 

He who believes that each equii^e sjiecies was independently 
created, wilt, I presume, assert ihut each species has been created 
with a tendency to vary, both under natureand under doraesticatioo, 
in this parliciihir manner, so as often lo become stripal like the 
other species of the genua ; and that (^b has been created with 
a strong tendency, when crossed with species inhabiting distant 
quarters of the world, to produce hybrids resembling in t^eir 
stripes, not tbeir own parents, but other species of the genua. To 
admit this view is, as it seems to me, to reject a real for an unical, 
or at least for an unknown, cause. It makes the works of Gcd ft 
mere mockery and deception ; 1 would almost as soon believe with 
the old and ignorant coemogomsts, that fossil shells ha^ never lived, 
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Summary. — Our ignorance of Iho Inwa of varintion is profound. 
Sot in one case out of a hundred caa a'd pretend to assi^ nny 
reason why this or tbnt part hoa vnried. ISut whenever we have 
the m«ma of iimtitulitig a cuni[)itnBion, the Enmu kwa appear to 
have acted in producing the lesser diflcrencea between varieties of 
the tame Epecies, and the greater diflercnces between species of the 
same senos. Changed conditions gontraily induce more fluctuating 
rariabtlitf, bat somotimea they causo direct and dofiniw effects ; 
and these may become strongly niatkcd in the coarse of time, 
thoogh wo have not sufHcient evidence on this Ijeail- Habit in 
prodnciDg canstitational peculiarities and use in strengthening aud 
disote in weakening and diminishing oi^na, appear ia many cases 
to have been potent in their effects. Hoiuutogoua parts tend to vary 
in the same manner, and homologous parts tend to cohcrB. Modifi- 
Ationi in hard jiartB and iu externa) parti sometimes affect softer 
and internal ports. When one [lart is largely derebpixl, perhaps it 
lends to dmw nourishment horn the ibljoiniiig parts ; and every 
part of the structure which can lie saved without detriment wiU lie 
saved. Changes of structure nC an curly a^e may affect parts sub- 
sequently ilcveloped ; and many coses of correlated variation, the 
naiiiro of which wa aro analilc to undcrstaud, undoubtedly occur. 
Midtiplc pans are variable in number and in structure, ]iccha;iK 
ajiain^ from Euch parts not having been closely specialised for any 
p.uticular function, so that their tuodificntious liavo not been ctoaeiy 
checked by natural selection. It follows probably from this same 
cansc, that organic beings low in the scale are more vaiiable than 
tboee Btanding higher in the scale, and which have their whole 
organiwiion more spedaliaed. Rudimentary organs, from being 
Dselesg, tro not nguiatod by natural selection, and hence are 
TuiaUe. Specific characters — that is, the characters which have 
conte to differ since the several species of the same genus branched 
off from a common parent — are more variable than generic cha- 
ncleis, or those which have long been bhcritcd, and have not 
differed within this same period. In these remarks we have re- 
ftxmi to special parts or organs being still variable, because they 
have recently varied and thus come to differ ; but we have also eeeii 
In the second chapter that the same principle apphes lo the whole 
indiTidual ; for in a district ivhcre many species of a genus art 
found — ihat is, where there has been much former variation and 
differeniialion, or where the manufaclory of now specific fortni baa 
h«en actively at work— iu that district and amongst theE« species. 
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we DOW Sud, OQ an uceragc, most varieties. Secondary Hrxatl 
cWactcrii are highly variable, and sucli chamctors differ mach ia 
the species of tha same gruup. Variabilily m tbo same parts of the 
orgftuiualioa has generally been takeu aiivantago of in giving secon- 
dary seiunl diBerences to the two scries of the same epecjea, and 
Rpecifio differences to the several species of the same ^enus. Any 
part or organ developed to an extraordinary size or in an exUu- 
ordinary manner, in comparison with lie same part or organ in the 
allied flpeciee, must have gone tbrough an extraordinary amount of 
roodification since the genus arose; and thus wc can ondereland 
why it shoidd often still be variable in & much higher degree than 
other parts ; for variation is a long-con tiuutd and slow process, and 
natural selection will in such cases not as yet have had time to 
overcome the tendency to furtlier variability and to reversion to ft 
lass modified state. But when a Bpi'cies with any extraordinarily- 
devdoped organ has become the jjareot of many modified descen- 
dants — which on our view must be a very slow process, requiring a 
long lapse of time — in tliis case, natural selection bos succeeded in 
giving a fined cliftracter to the organ, in however extraorditiuy & 
manner it may have been developed. SpcoiLS iuliorjting nearly tha 
same constitution from a common parent, ond oipoaed to simiiat 
influences, naturally tend to present analogous variations, or these 
same spi-cies may occasionally revert to some of the characters o( 
their aucient progenitors. Although new and important modifica- 
tions may not arise from reversion and annlogoi^s variation, such 
modifications will add to the bcaatiful and harmonious diversity of 
nature. 

Whatever the cause may be of each slight difference between the 
ofispring and their parents — and a cause for each must e&Ist — we 
have reoaon to believe that It is tho steady accumulation of bene- 
ficial diSV'ri?nce$ which has given rise to all the more important 
modifications of Etructore in relation to the habits of ench e 
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> of Ihe Ihcorf of deicent with maili£ cation — Abtencc or rarity 
■f Iraaiitiaiul Tsriatio — TranutiDoi La hsbitt of lift — DirenlGgJ 
habit* ia th« inme specit) — Specia with babitg wldelf difTcrcut 
from thou of thiir allies — Orguni aC txlitmt perfection — Modei of 
tmuitloD — Caus of dilUcult]' — Kalura non t^It taltum — Orgnnt 
ill iirportsDCe — Orgnos not in all cu« abaolDtcIf ptrCtct — 
Tha law of llnity of Type aail of tho Conditiou of Eiiiteou* tmbrocod 
b; lb* tbeorj of Natural Selection. 

L Lovo bcforo the reader had arrived at this part of my work, a crowd 
m id difficulties will have occurred to him. Sorae of ihem are so 
LtniouB that to this day 1 can hardly reflect on tbem without being 
k ta Bome degree staggered ; but, to the beat of my judgmeot, the 
Mter number are ooly apparGiii, aud those that are real are not, 

[, &tal to the tlieory. 
Tbeae difficulties and objectioos may be classed tmder the follow- 
k lag hetds :— First, why, if apccies have descended trora other spociea 
\ ty fine gradalionH, do we not everywhere sea innumerable tran- 
tl fbrmi ? WLy ia not all natorc in confusion, instead of the 
I being, as we see them, well defined ? 
Secondly, is it possible that an animal having, for instance, the 
J atruatun uid habits of a bni, could luve been formed by the modifi' 
I tttlan of some other auin^al with widcly-differeut habits and 
■traotore? Can we believe that natural selection could produce, 
Ml the ona hand, on organ of tiifling importance, such as the tail o£ 
A girftfic, which senea as a fiy-flapper, and, on the other hand, ar 
argin so wonderful as the eye? 

Thirdly, can instincts be acquired and modiGed through natural 
telectioii? What shall vie say to the instmct which leads the beo 
to nuke cells, and which huN practically anticipated the diacorcries 
of proTound matLcinnli^iuns ? 

Fourthly, bow can wu account for species, when crossed, being 
■taiile and prod'tciug ticrile ofFspring, whereas, when varieties are 
jMitd, their fertility is unimihiired ? 
The two first beads will ber« bo discussed; aonie misceVlsciwna 
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Db}octiotis ia tlie followiDg chapter ; lostiDct and Hybridinn ii 
two aucci.>cding chapters. 

On the Abtciice or llarity of Transilional Farietift. — Ab na 
selection acts Eoluly by tlie praservation of profitable modiScaiioo 
each ttew form will tcnJ in a fully-Btooked country to take the pi 
of, and fioally to extorminaCe, its own leas improved pareiil-fc 
and other less-faTOured forros with wiiicb it comes iutc conijietitioii. 
Thus estinctiun and natural sclectioD go bond in hand. Utiice, if 
wa look at each species as descended from some uuknowa fom, 
both the parent aod all the transitional varicEiea will genctBllj have 
been exterminated by the very process of the formatioa and per- 
fection of the new form. 

But, as by this theory innimicrable tranaitioanl forme most bBve 
existed, wliy do we not find ibem embedded in countless numben 
in the crust of tho earth 7 It will bo more conyenient to discnsi 
this question iu tho chapter on the ImjierfectioD of the Geolo^cal 
Hecord ; and 1 ivill heru only state that I believe the answer mMuly 
lies in the record being incomparably less perfect than is generally 
Bupposed. The crust of the earth is a vast museum ; bat tlw 
natural collections hare been imperfectly made, and only at koig 
intervals of time. _ 

But it may bo urged that when several closely-alUcd i 
inhabit the same territory, wa surely onght to find at th 
time many trunsitiocal forms. Let us take a ^mple 
travelling from north to south over a continent, we generally d 
at auoccssive interval! with closely allied or representative tipeaea, 
evidently filling nearly the some pbce in the natural economy of 
the land. These repreaentative species often meet and interlock; 
and as the one becomes rarer and rarer, the other beoomes more and 
utore frequent, till tho one rephices the other. But if we compafc 
these species wliere tbey intermingle, tliey are generally as alisolntely 
distinct from each other in every detail of structure as arc spedmaai 
Uhcn from the metropolis iuhabited by each. By my theory these 
atlJL'd species are descended from a common parent ; and during the 
modlBcation, each lias become adapted to tho conditicmi 
of life of its own region, and has supplanted and extemunated its 

iginal parent-form and all the transitional varieties between it* 
past and present states. Hence we ought not to expect at tha 
present time to meet with numerous transitional varieties in each 
region, though they must have existed there, and may be embedded 
there is a fossil condition. But in tho intermediate region, having 
intermediate conditions of life, why do wa not now find dottiy- 
linking intennodiate varieties? This difficulty for a lung tinu 



l'<S*T. VL] OF TRASSmOSAL VARIETIES. 



Vi^ito oonfoimded tu 
^flamed. 

In the firat place ' 

during a long puriod. 



But I thiok it cBa be in large part e 



le iihoiild be cstremely cautious in inferring^ 

uox conlimioua, that it has been coDtinuonf 

Geology would lead ua to tcliovo that most 

ContinenU have been broken up into ialanda even during the later 

tertiaij periods ; and in such islnnda distinct apt.'Ciea mi^ht havi; 

been ac^i&nitcly foimed without the posaihilitj of uitciracdiati' 

Tarieties existing in the intermediate zones. By changes in thi* 

form of the land and of climate, mirinc areas now continuous mORi 

often have existed within recent times in a far less continuous and 

nnifonn condition than at present. Qtit I will pass over this way 

of escatong from the difSculty ; fur I believe that many perfectly 

defined species have been funned ou strictly continuous areas; 

tliongh I do not doubt that the formerly broken couilitiou of areas 

now oODtinnous, bns played au inijiortant part in the formation of new 

ipecies, more oapocially with fR-ely-crossing and wandering animals. 

In looking at species hs Ihiy are now distributed OTcr a wide 

Btea, we gentmlly find them tolerably minieroDB over a large 

ttniiorj, then becoming somewhat abruptly rarer and rarer on the 

confines, and finally disappearing. Hence the neutral territory 

K* between two representative species is genemlly narrow in compari£.:iu 

^kirith the territory prtiper to each. We see the same fact in 

^BsMcndittg mountains, and isomctimes it is quite remarkable hou- 

^B^bniptly, as Alph. do Candolle has observed, a common alpiuo 

^K ■pecies disappears. The same fuct has been noliucd by E. Forbes 

H In aoooding the depths of the sea with the dredge. To those who 

H look at climate atid tlie physical conditions of life as the all- 

H Important element^) of distribution, these facts ought to cause 

^B MUpruK, as climate aud height or depth graduate asr.iy insensibly. 

^V But when we bear in mind that almost every species, even in its 

^^lltelropolis, would incrca»L' immeoscly in numbers, were it not for 

' oUier competing species ; that nearly all either xirey on or serve ss 

prey for others ; in short, that eacn organic being is either directly 

or indirectly related iu tho most impartant manner to other organic 

beings, — we see that the range of the inbabitaclii of any country 

by no means exclusively depends on insensibly changing physiciil 

oooditiona, but in a krge jiart on the presence of other species, on 

which it lives, or by which it is destroyed, or with which it comes 

into competition; and as these species are already defined objects. 

Dot blending one into another by insensible gradations, the range of 

■ny one species, depending as it does on the ranie of others, will 

tend to be sharply defined. Jtortovcr, each Bpecies on ilio confines 




of its Tun^e, where it esists in lessened nnmbetH, will, during dactn- 
&t!oiis in the number of its oncniics or of ita prey, or in the Dotun 
of tbo treasons, be extremely liable to utter extcnuinatlon ; and thiu 
ita geographical range will come to be atill more sharply defined. 

As allied or representativo species, v/hva inhabiting a coctiniiona 
area, are generally distributed in such a manner that each has • 
wide range, with a comparatively narrow neutral territory betwetn 
tbem, in which they become rather snddenly rarer and rarer ; then, 
•I varieties do not essentially differ from Hpocies, the same rule will 
probably apply to both; and if we take a varying species inhabitisg 
a very large area, we shall have to adapt two varieties to two large 
areas, and a third variety to a narrow intermediate zone. The 
intermediate variety, consequently, will esist in lesser numbers 
from inhabiting a narrow and loEscr area ; and practically, as far as 
I csn make out, this rule holds good with varieties in a state of 
nature. I have met with striking instances of the rule in the ease 
of varieties intermediate between well-rasrked varieties in the genua 
BalouiiB. And it would appear from informnlion given me by Mr. 
Watson, Dr. Asa Gray, and Mr. Wollaston, that generally, when 
varieties intermediate between two other forms occor, they are much 
'arer numerically than the forms which they connect. Now, if we 
may trust these facts and inferences, and conclude that varieties 
linking two other varieties together generally have existed in ieswr 
numbers than the forms which they connect, then we can understand 
why intermediate varittios should not endure for very long periods : 
— why, as a general rule, tliey should be eiterminated and disapiicar, 
FDoner than the forms which they originally linked together. 

For any form existing in lesser numbers would, as already 
remarked, run a greatci chance of being e\tciminated than one 
existing in large autnbors ; and in this particular case the inter- 
loediate form would be eminently liable to the inroads of closely- 
allied forms existing on both sides of it. But it is a far muTs 
important consideration, that during the process of further modlfi' 
cation, by which two varieties are supposed to be converted and 
perfected into two distinct species, the two which e.vist in larger 
numbers, from inhabiting larger areas, will have a great advantage 
over the intermediate variety, which exists in Guialicr numb'ra 
in a narrow and intermediate zone. For forms existing in larger 
numbers will have a better chance, within any given jieriod, of 
presenting further favourable variations for natural selection to 
seize on, than will the rarer forms which exist in lesser nuniben. 
Hence, the more common forms, in the race for life, will tend la 
boat and supplant the less common fonns, for those will be uuue 
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■lowlj modiHed and improved. It is the same principle wliich, as 
I believe, accounU for the coiDmon sp>ecies in cocli coimtry, aa 
shown in the second chapter, preseDtiog on an average a greater 
DtimbcT of well-marked varieties than do the rarer species. I may 
illostrato what I mean by anpposing three varieties of sheep to be 
kept, one adapte>l to as extensive inountainoiis region ; a bccodq 
U> a comparatively narron, hilly tract; and a third to tlio wide 
plains at the base; and tliat the inhabitants ore all trying with 
eqnal steadiness aod skill to improve tbeir stocks by selection ; the 
chancea in this cane will bo strongly in favour of the great holders 
on the moantains or on the plains, improving tbeir breeds more 
quickly than the small holders on ths intermediate narrow, hilly 
tract; and consequently the improved mountain or plain breed will 
. ^om take the place of the less improved hill breed ; and thus the 
D taeeds, which originally existed in greater unmbcrB, will come 
o doM contact with each other, without the interi«sition of the 
d, intermcdiato hill-variety. 

a up, I believe that species come to bo tolembly well- 

iaei objects, and do not at any one period present an ineitricahie 

a of varying and iutennediatc links; first, becatisc now varie- 

■ are very slowly formed, for variation is a slow process, and 

\ selcctioD can do nothing until favourable individiml 

* variations occur, and tmtil a place En the natural 

slity of the country can bo bettor filled by some modification of 

more of its inhabitants. And such new places will 

d on slow changes of climate, or on the occasional immigration 

IT inhabitants, and, probably, in a hUU more important degree, 

le of tbo old inhabitants becoming slowly modified, with the 

w toaaa that produced and the old ones acting and reacting on 

LmcIi other. So that, in any one region and at any one time, we 

e only a few species presenting slight modifications of 

, ttQCtnre in some d<^ree pemmnont ; and this asauredly we do sec. 

Secondly, areas now continuous must often havo ciisted within 

tba recent |«riod as isolated portions, in which many forms, more 

eapcciatly amongst the classes which unite for each birth and 

wander mnch, may have sc]>aratc1y been rendered suQlciently 

distinct to rank as representative species. In this case, intcr- 

BMdiate varieties between the several reiireseotative species and 

their common parent, must fonnrrly have existed within each 

taoUted portion of the land, but these links during the process of 

^Ljtftiml selection will have been supplanted and extenninatcd, so 

^Btbftt they will no longer be fuund in a living state. 

^B TUrdly, when two or more varieties have been formed in diCfereirt 
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portlong of a strictly contmuous urea, intcnucdiata varielica will, it 
is probnble, at first hsive been farmed in the iutcrmudntc zones, bnt 
tbcy wi)l geiicrally Iihtd had a. short duration. For thciie iulec- 
mediato variotlea «iil, from reasons already assigned (oaniely (rom 
what we know of the actual distribution of closely allied or repie- 
nenlAtivQ species, and likcwiso of acknowledged varieties), exist in 
the intermediate zones iu lesser numbers than the varieties which 
they t«nd to connect. From this cause alone the intermediate 
varieties will bo liable to accidental extermination ; and during the 
process of further modiScation through natural selection, they will 
almost certainly bo beaten and supplanted by the forms which they 
connect ; for these from oiisting iu greater numbura will, in tho 
aggregate, present more varieties, and thus be further improvod 
lhToi];;h natural selection and gain further advantages. 

Lastly, looking not to any one time, but to all time, if my theory 
be true, niim!ier)u£« intermediate vorietiea, linking closely togcUier 
all the species of the same group, must assuredly have existed j but 
the very process of natural selection constantly tends, as has been 
«o often remjirked, to exterminBte tbo pareQt-fomis aod the inter- 
mediate links. Consequently evidence of their former existence 
could be found only amongst fossil remains, which are preserved, as 
we shall attempt to sliow in a future chapter, in on extremely im- 
perfect and intermittent record. 

On the Origin and TraTisitione of Organic Beings with peeuliar 
UahiU and StniiUure.—lt has been asked by the opponents of such 
views as I hold, how, for instance, could a land c.trnivorous animal 
have been convened into one with aquatic habits; for how eoidd 
the annual in its transitional state have subsisted? It would be 
easy to show tliat there now exist carnivorous animals presenting 
dose intermediate grades from strictly terrestrial to aquatic habits; 
and as each exists by a stru^lt for life, it is clear that each must be 
well adapted to its place in natura Look at tho Mustelaviaoo ol 
North Americt, which has webbed feet, and which resembles an 
Otter in its fur, short li^gs, and form of tail. During the summer 
this animal dives lor and [ireys on Gsh, but during tho long winter 
it leaves the frozen waters, and preys, like other polL--cats. on mice 
and land animals. If a ditferont case had been taken, mid it had 
been asked how on iuECctivorousquiidruped could possibly have been 
converted into a flying bat, the quosiiun would have been Tar more 
difficult to nnswer. Yet I think such difficulties have little weight 

Here, as on olhtr occasions, I lie under a heavy disadvantage for, 
oot of the many striking cases whicli I have collected, I can give 
onlj one or two instances of transitional habits and struoturea in 
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olliad apecieB; and of divereifimi hnbita, either conatnnt or occa- 
stonal, ia the tame spccic9. And it ucema to me that notbing lees 
than A long list of suet cases is stiffioienl to lessen the difficolty in 
'Any puticnkr caao like thni of the b&l. 

Look at the family of squirreU; hero we hove the finest gra- 
dation from aninmla with their tails only s%li1]y flattened, end 
'from others, as Sir J. Iticliardson has remarked, irith tho posterior 
'J«rt of their bodies rather wide and with the skin on their flauks 
itMhcr full, to the so-called flying aquiirds; and lljin'r aqniirelB 
Imvo their limbij and even the base of the tail united by a broad 
QX|ianao of skin, which serves oa a jiarachute and allows them Ui 
glide through the air to an astonishing distance from tree to tree. 
We cajinot doubt that e^h structure is of use to each kind of 
aqairrel in its own country, by enabling it to escape birds or boasts 
of prey, to collect food more quickly, or, as there is rcaaon to 
believe, Co lessen the danger from occasional falls. But it docs not 
follow from this fact that the structure of taoli squirrel is the best 
thai it is possible to conccire under all pos^ble conditions. I«t 
the climate and vegetation ckange, let otber competing rodents or 
now beastd of prey immisrate, or old ones become modified, and aU 
analogy would lead us to believe tlint some at least of the squirrels 
woold decrease in numbers or become exterminated, unless they 
aiaa became modified and improved in sliuctuie in a corresponding 
Therefore, I can see do difficulty, more especially ondec 
Muditions of life, in the continued rrcservation of indi- 
Tiduali with faller and fuller flimk-membranos, oach modification 
being useful, each bciu^ propagated, until, by the accumulated 
efleets of this process of natural selection, a perfect so-called fiying 
■qiuTral was product^. 

Now look at the Galeoiiithecus or so-calk^d flying lemur, which 
tanaaly was ranked BmoD<;st bats, but is now believed to bcl<i:ig 
to the Insectivora. An extremely wide flank-membrane stretches 
bom tlie comers of tlie jaw to the tail, and includes the limbs 
vitb the elongated fingers. 'Iliis flank-membrane is furnished with 
an extensor muscle. Although no graduated links of structure, fitted 
for gliding through the air, now connect the Galeopithocus with 
ihe other Insectivora, yet there is no difficulty in supposing that 
socb links tbrroerly existed, and that each was dcvcloiicd in the 
same manner as witli the less perfectly gliding squirrels ; each grade 
of structure having' been useful to its possessor. Nor can I sec 
any insuperable difficulty in further believing Ihut the merabrauc 
Otmnectcd fin^ere and fore-ami of the Galeopitheciis miKht Have 
been greatly Itmgthened by natural sekction ; and tills, aa far BS tho 
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organs of flight are concerned, roulJ have convertod the amnut) 
into a bat. In dirtaia bat» in which the wing-racmbRinc eitendi 
from the top of the shoulder to the tail and inchidca the hiIld-les^ 
we perhaps see traces of an ap[)aratus originally fitted for gliding 
through the air rather thnn for fligUt. 

ll' about a dozen genera of biiHa were to become extinct, «bo 
would have Tenturcd to B\innisa that birds might have existed 
which used their wings solely as flappers, like the loggcr-hnded 
duck (Microptcrus of Kyton) i ss fins in the water and as ^nt-legs 
on the land, like the penguin ; as sails, Lke the ostrich ; and fmic- 
tionally for aa purpose, like the Apteryx ? Tet the structure of 
BMb of Qiese birds is good for it, under the conditions of life to 
which it is exposed, for each has to live by a struggle ; but it is not 
necesatily the best possible under oU possible conditioua. It must 
not be inferred from these remarks that any of the grades of wing- 
strocture hem alluded to, n-liicli perhaps way nil 1io the result of 
disuse, indicate the eU-'i» by which birds actually acquired tbdr 
perfect power of flight; but tliey servo to show what diveniCed 
meuu of transition fire at least possible- 
Seeing that a few members of such wo ter-bren tiling clascei u 
the Crustacea and HoUusca are adapted to live on the land ; and 
seeing that wo have fi}'ing birds and mammals, flying insects of the 
most diversified types, and formerly bad flying reptiles, it is con- 
ceivable that flying-fish, which now glide far through the air, 
slightly rising and turning by the aid of their flultering fins, might 
have been modified inlo iierfcctly winged animals. If this had 
been effected, who wui\ld liavo ever imagined that in an early 
transitional state they boil been the inhabitants of the open ocean, 
and hod used their incipient orgens of flight exclusively, as for as 
we know, to escape being devoured by other flsK ? 

When we see any structure highly perfected for any particular 
habit, aa the wings of a bird for fiight, we should bear in mind that 
animals displaying early transitional grades of the strtictiire wiU 
seldom have survived to the present day, for they will have been 
Bupplanted by their successors, which wore gradually rendered mora 
perfect through natural selection. Furthermore, we may conclude 
that transitional states between structures fitted for very different 
habits of life will rarely have been developed at an early pniod in 
great numbers and under many subordinate forms. Thus, to return 
lo our imaginary illustration of the flying-fish, it does not seem 
probable that fishes cipable of true fiight would have been developed 
under many subordinate funcs, for taking prey of many kinds iii 
many ways, on the land and in the water, until their organs of Sight 
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bad corto Ui ft high i-tage cf perfoction, so as to have given t^em a 
dccidini adrantage over other animali ia the bnttle for life. Henoe 
the chuoe oi discoveriog speciea with transitional gradoa of Etru(>- 
tuio in a foesil condition will aUaja he le.=B, from their having 
existed in lessor numbers, than fa the casa of species with fully 
developed slnictures. 

1 will now give two or three instances both of diversifiad and of 
chanj;ed habits la the Individuals oF the some Bpeciw. In either 
cuae it would bo taey for natural selection to adapt the stracture 
of the animal to its changed habits, or excUisively to one of iU 
Mvcral habits. It ia, however, difticult to decide, and inusaterial 
tbr us, whether habits generallj' cbatigo first and structure aftur- 
warde ; or whether slight modificationE of stnicture lead to changed 
habita ; both probnbly often occnrring almost siroullancously. Of 
cases of changed habits it will suffice mcraly to allude to that of the 
many British insects which now feed on exotic plants, or exclu- 
sively on artificial substances. Of diversified habits innumerable 
instaDcee could be given : I have often Hatched a tyrant flycatcher 
(Saurophagna aulphuratus) in South America, hovering over one 
spot and then proceeding to another, like a kestrel, and at other 
times standing stationary on the margin of water, and then dashing 
into it like a. kingfisher at a fisb. In our own country the larger 
titmouse (Parus major) may he seen climbing branches, almost Uke 
n crFcper ; it Bomctime.% like a shrike, kills small birds by blows 
on the head ; and I have raany times seen and beard it hammering 
the Mcds of the yew on a branch, and thus breaking them like a 
tmlhalch. In Korth America tho black bear was seen by Heomc 
EWimnung for hours with widely open mouth, thus catching, almost 
lihe a whale, insects in the water. 

As we sometimes see individuals following habits different from 
those fmper to their species and to the other species of the some 
geons, we might expect that such individuals would occasionally 
give rise to new species, having anomalous habits, and with their 
■tructurc either slightly or considenbly modified from that of 
their type. And such instances occur in nature Can a morn 
Btriking instance of adaptation bo given tlion that of a wood^iecker 
for climbing trees and seizing insects in the chinks of the bark "/ Yet 
in North America there ore woodpeckers which feed htrgely on fntit, 
and others with elongated wings which chase insects on the wing. 
On the plains of La Plata, where hardly a tree grows, there is a 
woodpecker (Colaptes cainpestris) which has two toes before and 
two befiind, a long poinifd tongue, pointed tail-feathuDi, sufHclently 
stiff tc support tho bird in a vertical poeilion O'l a jiosi, l>ut not so 




stiff as in tlie tyjiical ivoodiicckcrB,aDdiVBtriig!>t strong heal:, 
beak, however, is not so straight or so stiwiig as 
woodpeckora, but it is strung enough to boie into wood. UeiiM 
this Colaptes in all the eBseotia) parls of its Btructura is a ttooiI- 
pcoker. Even fa BUfh trifling characters as tlie colouring, the 
barsh lone of thd voice, and nndulatoiy Sight, its close blood- 
relftllonahip to oiir cummun woodpecker ia jrlainly declared ; jret, 
aa I can assert, nut only from my own obae nations, but from those 
of the accarate Azara, in certain large diBtiicls it doea not climb 
trees, and it makes its nest in boles in banks ! In certain other 
districts, however, this aomo woodpecker, as Mr. Hudson states, 
frequents trees, and bores holes in the trunk for its nest. I mav 
mention as another iiiuatration of the varied habits of Ibis genna, 
that a Mexican Colaptes h;i3 been dcscribcil by Do Saiisaure as 
boring holes into hard wood in order to lay up a store of acorna. 

Petrels are the most aerial and oceanio of birds, but in the quiet 
sounds of Tierra del Fuugo, the FuSiniuia berardi, in its geueial 
habits, in its astonishing power of diving, in its manner of swim- 
ming And of flying when made to take flight, would bo tnistaken 
by any one for an aul; or a grebe ; nevertheless it is cascnUoIly a 
petrel, but with many parts of its o:^tiisation pru[omidly modified 
in relation to its new habits of life ; whereas the woodpecker ol 
La I'lata has hod its structure only slightly motliSed. In the caae 
otthe wator-ouzol, the acutest observer by examining its dead body 
would never have suspected its sub-aqimtio habits ; yet this biid, 
which is allied to the Ihniah family, subsists by diving— using its 
wings under water, and grasping stones with its feet. All the 
members of the great order of Uymenopterous inst cts are terrestrial, 
excepting the genus Pioctotruiies, which Sir John Lubbock has 
discovered to be aquatic in its habits ; it often enters the water and 
dives about by the use not of its legs but of its wings, and remains 
as long as four hours beneath the surface ; yet it exhibits no medir 
Gcalion in stnicture in accordance with its abnormal habits. 

Us who believes that each being has been created aa wo now ace 
it, must occasionally have felt surprise when he has met with an 
animal having habits and structuro not in agreement. What can 
be plainer than that the webbed feet of ducks and goese are formed 
for swimming 7 Yet there are upland geese with webbed feet which 
rarely go near the water ; and no one except Audubon has seen the 
irigate-bird, which has all its four toeswebbod, alight on the surface 
of tbe ocean. On the other hand, grebes and coots are eminenti; 
itLinstic, although their toM are only bordered by membrane. What 
stems pluner than tlmt tbe long toes, not furnished w 
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f tbe Gmllatorcs nre formed br walklag ovur swaispH and floatioi* 

.b« wntcr-liea and landrail aro mombcrs of tliis onler, 

nt the first is nearly as aquatic as ti;a coot, and tha second nearlj 

■ terrestrial m tbu quail or partridge. In anch caset^ and many 

lOietB oould be given, babita have cliao^od without a corresjiondiDg 

" ange of atmcturo. Tho wcbbeJ fett of tlio upland piose may be 

id to bavt! bucoroe alnioat rudimentary in functioo, tbou^ not 

■troctare. In the frigate-bird, the ilocply acoopnl membrano 

Cwecn tha toes abows that structun: has begim U> change. 

Be who believes in separate and innumerable acts uf creation 

ky My, that in these cases it has pleased the Creator to cause a 

tag of one type to take tho place of one beluu'^ing to another 

bat this seems to me only re-stating tho fuel In (Unified 

1 mho believes in the struggle for existence and in thu 

iple of natural selection, will acknowledge that every organic 

ng is constantly endeavooring to increase in numbt'rs; and that 

loy one being varies ever so liltle, cither in habits or structure, 

1 tfaits gains on advantage over some other inhabitant of the 

M country, it will seize on tha place of that inhabitaiil, howovor 

ra«nt that may be from it^ own place. Hence it will cause him 

snrprise that there should be geeso and frignto-birda with webbed 

t, liTing on the dry land and rarely alighting on the water ■ 

>t there should be long-toed corncrakes, living ii 

ad of in Bu'ampa ; that there should be woodpecker 

tree grows ; ihat thoi-e should be diving thrusli 

Hynwnoptera, and petrels with tho habits of auks. 

Organs q^ (sxlreme Perfection and Comjiiculion, 
oppose that the eye with all its inimitable contrivances for 
; the focus to diifereut distances, for odmltliug dilTerent 
tt of hght, and for the correction of spherical and chroinatia 
ibemtioii, could have been formed by natural scloction, scums, 
fintly confess, absurd in the highest d^;roB. When it was grat 
"I that the sun stood still and the world turned round, the 

UDOn aen^e of mankind declared the doctrine false ; but thu old 

^fiogof YtiXfoptUi, vox Dei, as every philosopher knows, cttiuiot 
n tnuted in science. Itoason tells me, that if uunicrous gradntions 
bora % iimplB and imperfect eye to one complex and perfect can 
In ahown to exist, each grade being useful to its possessor, as is 
flcrUinly the case ; if further, the eye ever varies and the variations 
1m inherited, as ia likewise certainly the case; and if such varia- 
tiona shotdd be useful to any animal uniler changing conditions of 
lifis^ then the difficulty of believing that e i>otfect aud ooraples tye 
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ooulil be formed by nnturiLl selcctloQ, though insupemble bj our 
iniagicalion, should Dot ba considered as aubveisive of the theory. 
How a nerve comes to be Ecnaitivo to light, hardlj' concerns us 
more thoa bow lifo itself origiaatcd ; but I ma; renurk that, bs 
ainno of the lowest organisms, in which nerves cannot be detected, 
are capable of perceiving li^ht, it does not seem impOEsible that 
certain sonsitive elements in their sarcode should become aggregated 
and developed into nerves, endowed with this iipecial sennbility. 

In searching for the gradations through which an organ in any 
species has been perfected, we ought to look exclusively to its lineal 
progeoitors; but this is ecorcoly ever possible, and we are forced to 
look to other species nod genera of the same group, that is to the 
collateral descendants from the mxaa parent-form, in order to see 
what gradations are possible, and for the chance of some gradations 
having been, transmitted in an unaltered or little altered condition. 
But the state of the same organ in distinct classea may incidentally 
throw light on the steps by which it has been perfected. 

The simplest o^nn which can be called an eye consists of an 
opiic nerve, surrounded by pigment-cells and covered by transSuceot 
akin, but without any lens or other refractive body. We may, 
however, according to M. Jourdain, descend even a step lower 
and find aggregates of pigment-colls, apparently serving as organs 
of vision, without any nerves, and resting merely on sarcodic Uasue. 
Eyes of the above simple nature are not capable of distinct vision, 
and serve only to distinguish light from darkness. In certain atar- 
liahus, small depressions in the layer of pigment which surrounds 
iho nerve are filled, as described by the author just quoted, with 
transparent gelatinous matter, projecting with a convex surface, like 
the cornea in the higher animals. He st^ggests that this serves not 
to form an image, but only to concentrate tlie luminous rays and 
lender their perception more easy. In this concentration of the 
mys we gain the first and by far the most important st«p towards 
tliu formation of a true, picture-forming eye; for we have only to 
place the naked extremity of the optic nerve, which in some of the 
lower animals lies deeply buried in the body, and in fome near 
the surface, at the right distance from the concentrating apjiaratus, 
and an image will be formed on it. 

In the great clasa of the Articniata, we may start from an optic 
nerve umply coated with pigment, the latter sometimes forming a 
sort of pupil, but destitute of a lens or other optical contrivance. 
With insects it is now known that the numerous facets on the 
cornea of their great compiiimd eyis form true lenses, and that 
the cones include curiously modified nervous filaments. But these 
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organs in the ArticukUiireso much diversified that Miiller furacrly 
made three main cLasaes with seven Hnbdlvisioiia, bcBidea a fourth 
fiT"" cUaa of aggregated eimple eyes. 

_ Vhea we reflect on these facta, here ^ven mucli too bricfij, with 
« the wide, diversified, and graduated ratige of struuluro in 

a ejte of the lower (uumals ; and when we bear in mind how 
U the nnmbcr of all living forms must be in comparison with 
those which have Decomo estinct, the difficulty ceases lo be very 
great in believing that natural aelcction may have converted the 
simple apparatus of an optic nerve, coated with piL^mcnt and 
invested by transparent membrane, into an optical instrument at 
perfect as is possessed by any member of the Articulate Class. 

He who will go thus far, ought sot to hesitate to go one step 
further, if he finds on finishing this volume that large bodies 
of facts, otherwise inexplicable, can be explained by the theory of 
modification through luttaral selection; he ought to admit that a 
structure even as gierfect as on eagle's eye might thus be formed, 
although in this case be does not know the transitional states. It 
baa been objected that in order to modify the eye snd still preserve 
it as a perfect instrument, many changes would have to be effected 
■imttltaaeously, which, it is assumed, could not be done through 
natural selection ; but as I have attempted lo show in my work on 
the variatioD of domestic animalR, it is not necessary to suppose 
that the modifications were all simultaneous, if they were extremely 
slight and gradoaL Different kinds of modification would, also, 
serve for the some genera! purpose : as Mr. Wallace has remarked, 
" if a lens has too short or too long a focus, it may be amended 
either by an alteration of curvature, or an alteration of density; if 
the cnmtore be irregular, and the rays do not converge to a point, 
then any increased reguliuity of ctirvature will be an improvement. 
So the oootniction of the iris and the muscular movements of the 
eye sre neither of them essential to vision, but only improvements 
which might have been added and perfected at any stage of the 
ixmstinctiou of the iDstrnment," Within the highest division of 
the animal kingdom, namely, the Vertabrata, we can start from an 
eye so simple, that it consists, as in the lancelet, of a little sack oF 
tianspnrent skin, furnished with a nerve and lined with pigment, 
but destitute of any other apparatus. In fishes and reptiles, as 
Owen baa remarked, *' the range of gradations of dioptric siructures 
1b very great." It la a significant fiict that even in man, according 
to the high authority of Virchow, the beautiful cryatnlltiie lens is 
fonned in the embrjo by an accumulation of epidermic cells, lying 
in B sack-like fold of the skin ; and the vitreoos body is forwad 
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from embtyoQlc sub-cabuieous tissua To arrive, however, at ■ 
just coiLcluaion regarding the formation of the eye, with all ita mar- 
velluua yet nut absolutely perfect characters, it is iDdispennble 
that tbe reason Bhoold conquer the i cut^^ nation i but I bave felt 
the difficulty iar uxi keenly to be BUrpriaed &t others hBHitating to 
extend tbe principle of natural selection to so aUrtling a length. 

It is scarcely possible to avoid comparing the eye witb a telescope. 
We know that this instniment has been perfected by the long- 
continued effaita of the hi^^hest hutnan intellects; and we naturally 
infer that iho eye h&s bcea formed by a mmewhat aualogouB 
pfDcoiu. But may not this inference be presunpcuoiu ? Have w« 
any right to assume that the Creator works by intellectual powen 
like those of man ? If we must compare the eye to va optical 
instnimenl, we onght in imagination to lake a thick layer of 
iranaparent tissue, with spaces filled with fluid, and with a nerva 
sensitive to light beneath, and then suppose every port of this layer 
to be continually changing slowly in density, ao as to separate into 
layers of difTerent densities and thicknesses, pLaoed at differeiit 
distances from each other, and with the snrlacea of each layer 
sbwly changing in form. Further we must suppose that there is a 
power, representt'd by natural selection or the survival of the fittest, 
always intently watohing each slight alteration in the transparent 
layers ; and carefully preserving each which, under varied ciroum- 
atances, in any way or in any degree, tends to produce a distincter 
image. We must suppose each new state of the instrument to be 
multiplied by the million ; each to be preserved until a better one 
ii< produced, and then the old ones to be all destroyed. Id living 
bodies, variation will cause the slight alterations, ^aeration will 
multiply them almost infinitely, and natural selectioti will pick oat 
with unerring skill each improvement Let this ptoceai go oa fbr 
millions of years ; and during each yuu on millions of it^viduals 
of many kinds ; and may wu not believe that a bving optical 
instrument might thus be formed as superior to one of glass, as the 
works of the Creator are to those of man ? 

Moda of Tranfilion. 
If it oould be demonstrated that any complex organ e 
which could not possibly have been formed by numerous, a»- 
cevive, slight modifications, my theory would abaolutely bnak 
down. But I can find out no such case. No doubt many £^:aiia 
exist of which we do not know the transitional grades, more espe- 
cially if we look to much-isolated species, round which, acoarding to 
l]ie theory, there has been much extinction. Or again, if we take 



Cha*. VI] 



UOD£S OK TRANSiTlOS. 



147 



organ comuiou to all the mcmbem of a cUas, for in this kttet 

h: tho orgku mQEt haTe been ongiimlly formed at a remote (leriod, 

X which all the man; members uf tho class have bcea developed ; 

d in order to ducover the early tratuiitiooal grades through whioh 

fttbe oigaa hai pused, we ahoald huTO to look to very auuieut aaetb- 

t, long uuco become extiact. 

We sbonld be extremely cnotioua in concludiog that an organ 

oonld not have been formed by transitional gradationa of Home kind. 

NomerooB cases could be given amongst the loner animals of the 

nine organ perfomiiDg at the same lime wh(>lly dislinct functions^ 

ifaoB in the larva of the dra<;on-Sy and in the fiah C«bites the 

klhueutary canal respires, digests, and eicretes. Id tho Hydra, the 

Mumal may be turned inside oat, and the exterior surface will thui 

digest uid the sl«tnach respire. In such cases natural selectioD 

specialise, if any advantage wera thus gaicied, the wh<de or 

I fart of an organ, which had previously poribrroed two functions, for 

I. me (miction alone, and thus by insensible stcpx greutly change its 

k nUore. Hany plants are known which regularly produce at the 

9 differeQtly confltrucWd flowerHj mi if auch planla were 

I to produce otie kiud alone, a great change would be effected with 

^•OomparatiTe laddpuQess in the character of the sjiecies. It is, how- 

r, pmbable that the two sorts of Sowers borne by the same plant 

:e originally differentiated by finely graduated steps, which may 

\ Kill be followed in some few cases. 

^p'", two distinct organs, or tho same organ under two very 
I different fbnna, may simnltancously perfonn in the same individual 
e fnnction, and this is an extremely important means of 
d: to give one instance, — there are fish with gills or 
bruhchin that breathe Che air dissolved in the water, at the same 
that they breathe free air in their swirobladJera, this latter 
being divided by highly vascular partitions, aod having ■ 
la pneumaticns for the supply of air. To give anotlier instance 
bom the T^etable kingdom : plants climb by three dibtinct mesns, 
i^ spirally twining, by clasping a support with tbeir sensitive 
tendrils, and hy tbe emission of aerial rootlets ; these three means 
are naoally (ouud in distinct gioups, hat some few species eihiMt 
two of the means, or even all three, combined tn the same indivi- 
dual. In all such cases one of tbe two ot^oe might readily be 
modified and perfected so as to perform all the work, being aided 
during the progress of modification by the other organ i and then 
thi* other organ might be modified for some other and quite distinct 
pvrpose, or be wholly obliterated. 

The illustntioQ of the swimbladder in fishes is a gmd one, 
I. 'I 
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because it Bhons us ckarly ihc highlj inportmit fact that an orgaa 
originally constrncted for one purpose, namely, flotation, may be 
coa\etied into one for ■ widely diiTereiit purpose, Damely, respiration. 
'llie Bvimbladder bos, abo, been worked in as an accessory to tbe 
auditory organs of certain fishes. All physiologists admit tliat 
the iwimbladdcr is homoiogons, or " ideally wmilat " in poaition and 
re with the lungs of tbs higher TerlebrsCe aninisU: heoce 
there is no reason to doubt that the swimbladder has actually 
been couvertcd into lungs, or an organ used Bxclustvely for 
respiration. 

Accordiai^ to this Tiew it may be inferred that all vertebrate 
animals with trae lungs are descended by ordinary generation iiom 
t and tmknovm prototype, which was furnished with 3 
floating apparatus or swimbladder. 'We can thus, as 1 infer from 
Oireo's interesting deecription of these ports, ondernaod the Etreo^ 
fiut that every particle of food and drink which we swallow has to 
ir the orifice of the trachea, with somo risk of (ailing into 
Uie lungs, notwithstanding the beautiful contrivance by which the 
frlottis is closed. In tbo higtier Yortebmu the brancbin hive 
wholly diiappeaied — but in the embryo the slits on the sides of the 
neck and the loop-like course of the arteries still mark their fonner 
position. But it is concaivable that the now utterly lost bnncbiiB 
might have been gradoallj worked in by natural selection for some 
distinct pnrpose : for instance, Landois has shown that tbe win^s 
of insects are developed from the trachcKj it is therefore highly 
probable that in this great class organs which once serred foil 
respiration havs been actually converted into organs for flight. 

In considentig transitions of organs, it is so important to bear in 
mind the probability of conversion from one function to another, 
that I will give another instance. Pcidunculated cinipedes have 
two minute folds of skin, called by me the ovtgerous frena, which 
serve, through the means of a sticky secretion, to retain the eggs 
until they are hatched within the sack. Tbeso cirripedes have do 
bronchin, the whole surface of the body and of tbe sack, together 
with the small frena, serving for respiration. The Balanidio or 
sessile cirripedes, on the other hand, have no ovigerons frena, tL» 
e^gs lying loose at tlie bottom of the sack, within the weU-em;losed 
shell; but thej bars, in the same relativB position with the frena, 
large, mnch-fotded membranes, which freely commnnicate with Hm 
ciranlatory lacunM of the sack and body, and which have been 
considered by all naturalists to act as brandiis. Now I think no 
one will dispute that the ovigerouH frena in the one fiunily are 
strictly homologtius with the bnmchie of the other laauly; 
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l-flkejr graduate into eEich other. Therefore it need not be donbtcd 
' that the two little folds of skis, wUch Qriginalty served as 
ovigerous freniL, but which, likewise, very slightly aided in the 
net of respiration, have been gtaduidly converted hj natumi 
selection into braachtie, simply through an increase in their gixe 
and the oblitenttioa of their adhesive glandiL If all t>odancuUtcd 
cirripedes hud become extinct, and they have suffered fsr more 
■xtinctioa than have sessile cirripedes, who would ever have 
imagioed that the branchuB in this latter family had originally 
existed as organs for preventing the ova from being waxhcd out oi 
Msack? 

There is another possible mode of transition, namely, through 

M acceleration or retardation of the period of repruduction. This 

LB lately been insisted on by Prof. Cope aod olhers in the United 

n- known that some aoimals are capable of repro- 

n at a very early age, before they have acquired their perfect 

kcterg ; and if this power became thoroughly well developed in 

k Ipecies, it seems probable that the adult stage of development 

old sooner or later bo lost ; and in this case, especially if the 

a differed much from the mature form, the character of the 

• would be greatly changed and degraded. Again, not a few 

mala, after arriving at maturity, go on changing in character 

ing nearly their whole lives. With mammals, for instance, the 

a of the skuU is often much alten-d with age, of which Ur 

e baa given some striking instances with seals ; every one 

t bow the honis of stags become more and more branched, 

t tbe plumes of mme birds become more finely developed, as 

I Ibey grow older. Prof. Cope states that the teeth of certain liutids 

[e much in shape with advancing years ; with crustaceans not 

ftiCDlT many trivial, bnt some important parts assume a new 

r, M recorded by Fritz Miiller, after maturiiy. In all such 

K, — and many could be given, — if the age for reproduction were 

1, the cbaractcz of the species, at least in its odtilt Blato, 

ould be modified ; nor is it improbable that the previous and 

stages of development would in some coses be hurried 

h and finally lost. Whether species have often or ever been 

' modified through this oomparatively sudden mode of tronsition, 1 

can form no opinion; but if this has occurred, it is probable that 

the differences between the young and the mature, and between 

e :uul the old, were primordially acquired by graduated 
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Special DiJJxcvltiea of the Theory tf Natural S^Uctirm. 

Altiiongh we mtut be extremely cautious In coocludiiig Ih&t u^l 
organ could cot have been produced b; successive, small, tnn- 
sitioDAl gradations, yet andoabtodlj' serious esses of diScalty occut. 

One of the most serioos is that of nent«r insects, which are often 
diSenintl; constmctad from cither ilie males or fertile fem&les ; but 
this case will be treated of in the next chapter. The electric 
organs of fishes offer aootber case of special difficulty ; for it is 
impossible to conceive by what steps these wondrous oxpuM have 
been produced. But this is not aurprisiDg, for we do ivot even 
know of what use thej are. la the (iymnotns nod Torpedo thty 
no doubt serve aa powerful means of defence, and perhaps fur 
securing prey ; yel in the Itay, as observed by Matteocci, an 
analogous organ in the tail manifests but little electricity, even 
when the animal ia greatly irritated; so little, that it cau 
hardly be of any use for the above purposes. Moreover, in tho 
lUy, besides the organ just referred lo, there is, ni Dr. R. M'Danneil 
has shown, another or^nn near the head, not known to be electrical, 
but which appears to ba the real homologue of the electric battery 
in the Torpedo. H is generally admitted that there exists between 
these oi^ns and ordinary muscle a cloee analc^, in intimsie 
Etructure, in the distribution of tho nerves, and in the manner in 
which they are acted on by various reagents. It ehould, also, be 
especially observed that muscular contraction is accompanied by an 
electrical discharge ; and, as Dr. Badchffe insists, " in the electrical 
apparatus of the torpedo during rest, there would seem to be a 
ohargo in every respect like that which is met with ia muscle and 
nerve during rest, and the discharge of the torpedo, instead of being 
peculiar, may be only another form of the discharge which attends 
upon the ection of muscle and motor nerve." Beyond this we can- 
not at present go in the way of explanation ; but as we know so 
little about the uses of these organs, and as we know nothing about 
the habits and structure of the progenitors of the existing electric 
fishes, it would bo extremely bold to maintain that no servioeablo 
transitions are possible by which these organs might have been 
gradually developed. 

These organs appear at Rrst to onhr another and far more sericoe 

difficulty ; for they occur in about a dozen kinds of fish, of which 

■a widely remote in their nifinities. V/hen the same organ 

s found in several members of the same class, especially if in 

1 having very difTercnt habits of life, we may generally 

atiribute its prei>ence to inheritance from a common anccetor; anl 
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iU absence in some (if the niemlien lo loss through diatue or 
DKtunl aelection. So that, if the electrio organs had been 
inherited from lome one ancient progenitor, we miglit have 
expected that all electric lishea would have been speciallj related 
to each oUier; but this is far from the case. Kor does prolog at 
all le»d to the belief that moet fishes formerly possessed electric 
oi^ana, which their modlBed dc«:endaiita hava now lost. But 
when we look at the subject more closely, we find in the saTcral 
Sahea provided with electric organs, that these are situated in dif- 
ferent parts of the body, — that they differ in construction, as in 
tlie armngement of the plates, and. according to Pacini, in the 
proccu or means by which the electricity is excited— and lastly, in 
bdng supplied with nerves proceeding Irom different sources, and 
thii is perhaps the ino«t important of all the differences. Hence in 
the BevGriil fishes ftjuished with electrio organs, these cannot lie 
OcnudderGd as homologons, but only as analogous in function. Con- 
sequently there is no reason to suppose that they have been inherited 
from a common progenitor ; for had this been the case they would 
have closely resembled each other in all respects. Thus the difficulty 
of an organ, apparently the same, arising in several remotely allied 
fpeciefl, disappears, leaving only the leaser yet still great difiiculty ; 
namely, by what giadualod ^leps these organs have been developed 
Ub each separate group of fishea. 

H[ The luminous orgnns which occur in a few insects, belonging 

Wkt widely different famllieti, and which are situated in different 

KpBits of the body, offer, under our present state of ignorance, u 

BdifBcnlt; almost exactly parallel with that of the electric oi^ns. 

V'OUieT amilar cases could be given ; for instance in plants, the very 

B'Cllrioas contrivance of a mass of pollen-a^rains, boma on a foot-stalk 

frwith an adhesive gland, is apparently the same in Orchis and 

LAaclepiis, — genera almost as remote as is possible amongst flowering 

HHkots ; bnt here again tlie parts am not homoli^us. In all cases 

' of beings, far removed from each other in the scale of organisation, 

which are furnished with similar and peculiar organs, it will bo 

found that although the general appearance and function of the 

oi^ans may be the same, yet fundamental differences between them 

can always be detected. For inslanoe, the eyes of eej'halopods 

or cuttle-fish and of vertebrate animals appear wonderfully alike; 

and in such widely sundered groups no part of this resemblance can 

be due to inheritance from a common progenitor, Hr. Mi^art has 

advanced this case as one of special difficulty, but 1 am unable to 

jwe the force of his argument. An organ for vision must be formed 

uf transparent tissue, and must include some sort of Ions tot 
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throwing ao inuigo ftt the liack of a darkened chiuDber. Bejood 
iMb suierficial resemblance, Ihcre u hardly aay real aimilaritj 
between Uie eyes of uuttle-fiEh and vertebrate, as ma; be seen by 
oonenlliiig Heosea's admirable memoir on these organs in the 
Cephalopoda. It is imposaibk for me here to enter oa details, bat 
1 may specify a few of tiie points of difference. The cryalalline lens 
in the higher cuttle-fiah couaists of two parts, placed one behind the 
Other like two lenwo, both having a very dlSerent stractiire and 
disposition to what occurs in the vertebrata. The retina ia wholly 
different, with an actual inversion of the elemental parts, and with 
a large nervous ganglion included within the membranes of the 
eye. The relations of the muscles are as different as it is pos- 
sible to conceive, and so in other points. Heoce it is not a litlle 
difficult to decide how fsr even the same terms ought to be employed 
in describing the eyes of the Cephalopoda and Tertebtata. It is, of 
course, open to any one to deny that the eye in either case could 
liave been developed through the natural selection of successive, 
■light variations ; but if this be admitted in the one case, it is 
olearly pussible in the other ; and fandamental differences of stmC' 
tdre in the visual organs of two groups might have been anti- 
cipated, in accordance with this view of their manner of formatimu 
As two men t;ave sometimes independently hit on the same 
invention, so in the several foregoing cases it appears that natiunl 
selection, working for the good of each being, and taking advan- 
tage of all favourable variations, has produced similar organs, u 
£u M function is concomod, in distinct organic lacings, whicb 
O'ire none of their structure in common to inheritance from S 



Frits MUller, in order to test the conclusions arrived at in this 
volume, has followed out with much care a nearly similar line ot 
argument. Bevcral familiea of crustaceans include a lew species, 
possessing an air-breathing apparatus and fitted to Uve out of the 
water. In two of these families, which were mote especiaUy 
examined by MUller, and -which are nearly related to etmh other, 
the species agree most closely in all important characlcrs ; namely 
in their sense-organs, circtilatlng system, in the positiou of ths 
tofts of hair within their complex stomachs, and kstly in the 
whole structure of the water-breathing brsnchiie, eveu to the 
i .Bucrosoopical hooi<s by which they are cleansed. Heuc« it might 
I Inve been expected that in the few species belonging to l«th 
bmilies which live on the land, the equally-ifflportaut air-breathing 
^paraluB would have been the same ; for why should thia ona 
Kfparatiu, given for the same purpose, have been made to difHar, 




vhikt all tb« otiier important organs were clufiel; similar or rather 
iileatical. 

Fritz Miiller argues that this close aimilarity in so many poiuta 
of Htructura muaC, in accordance with tbo views advanced by mo, 
be occoualcd for by inheritBnce from a common progenitor. Bal 
as the vast majority of the species in the abovo two families, as 
well aa moat other cnisCaceaus, are aquatic in their habits, it ie 
improbable in the highest degree, that tbeir common progemtor 
■liould have been adapted for breathing atr. Miiller was tbua led 
carefully to examine the apparatus in the ur-breathing species; 
Hid be found it to diCFcr in each in several important pointo, as in 
the position of the oriHcea, in the manner in which they are opened 
Uid closed, and In ftome accessory details. Now sncb diflerencea 
are intelligible, and tnight even have been expected, on the BUppo- 
sition that species beluuging to distinct families hod slowly become 
adapted to live more and more out of water, and to breathe the 
air. For these species, from belonging to distinct families, would 
have diffcnxl to a certain extent, and in accordance with the 

- [Kinciple that tbe nature of eocli variation depends on two factors, 
vis. the natmt: of the oiganiam and that of the suirounding con- 
ditions, tbeir variability assuredly would not have been exactly the 
■una. Consequently natural eelection would bare bad different 
maloiala or Tariatlons to work on, in order to arrive at the same 
Amclional result; and the structures thus acquired would almost 
neoenarily have differed. On the hypothesis of eeiiarate acts of 
creation the whole case remains unintelligible. This line of 
argument ^eems to have had great weight in leading Frits Miiller 
la accept the views maintained by me in this volame. 

Another diutinguished zoologist, tbe late Professor Claparede, bos 
■q^oed in tbe sawe matinor, and has arrived at the same n^sult. 

I Be shows that there are parotitic mites (Acarid»), belonging to 
'act sub-families and fajnilies, which are furnished with hair- 
ITiese organs must have been independently developed, 
U they oonld not have been Inherited from a common progenitor ; 
sod in tbe several groups thuy are formed by tbe modification of 
lb« fore-l^,-— of the hmd-legs, — of the maiillai or lips, — and of 
Appendages on the under side of the hind part of the body. 

In the foregoing cases, we see the same end gained and the same 
fimctioD performed, in beings not at all or only remotely allied, by 
organs in appearance, thouj^h not iu devcloiiment, closely similar. 
On the other hand, it is a common rule throughout nature that the 
' Hma and should be gained, even sometimes in tbe case of closely- 
nlMed heingi, by the most diversLSud means. Ilow differeatLj 
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constructed is Ibe feathered wing of a bird and the membrsDC- 
oovered wing of a bat ; and HtUl more bo the four wings of a butt«i- 
fly, the two winga of a Gj, and the two wings with the elytra of o 
beetle. Bivalve shells are made to open and shut, but on what a 
Qomber of patterns is the hinge constrncted, — from the long row of 
ncAtly interlocking teeth in a Nucula to the simple ligament of a 
Mussel I Seeds are disseminated by their minuteness,— by their 
capsule being converted into a light ballooc-like envelope, — by 
being embuddnl in pulp or Besb, formed of the most diverse psrt«, 
and tendered nutritious, as well as conspicnously coloured, so as to 
attract and be devoured by birds, — by having boohs and gmpnels 
of many kinds and serrated awns, so as to adhere to the fur of 
qaadnipeds,~and by being famished with wings and plumes, as 
different in shape as they are elegant in structure, so as to be wafted 
by every breexe. I will give one other instance ; for this subject of 
the same end being gained by the moat diverGiGed means well 
deserves attention. Some authors maintain that organic beings 
have been formed in many ways for the sake of mere variety, 
almost like toys in a shop, but such a view of nature is iocrediblt 
With plants having separated sexes, and with those in which, 
though hermaphroditea, the pollen docs not apont-ineously fall on 
the stigma, some aid is necessary for their fertilisation. With 
several kinds ibis is effected by the pollen-giMns, which are light 
and incoherent, being blown by the wind llirough mere chance on 
to the stigma ; and this is the simplest plan which can well be 
conceived. An almost equally simple, tbongh very differrnt, plan 
occurs in many plants in which a symmetrical flower secretes a few 
drops of nectar, and is connequenily visited by insects ; and the»e 
carry the pollen from the anthers to the stigma. 

From this simjile stage we may pass through an ineihaustille 
nmnber of contrivances, all for the same purpose and eiTectcd in 
essentially the same manner, hut entailing changes in every part of 
the fiower. The nectar may be stored in variously shaped recep- 
tacles, with the stamens and pistils modtliad in many ivaya, some- 
times forming Crap-like contrivances, and sometimes capable oi 
neatly adapted movements through irritability or elasticity. From 
such structures we may advance till we come to such a case of 
extraordinary adaptation as that lately described by Dr. Criiger in 
the Coryauthes. This orchid has part of its labellum or lower lip 
hollowed out into a great bucket, into which drops of almost pure 
water continually fall from two secreting horns which stand above 
it ; and when the bucket is half full, the wat«r overSowa by a 
spout on one side. The basal port of the labellum stands over the 
hoekst, and is ilseU hollowed out into a sort of chamber with two 
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btenl entmioea ( within this chamber tbere are carious fleah; 
lidges. The moat iDgeoiouB man, if he had not witoessed what 
takes place, conld never have im^aed nhnt purpose all these parts 
'e. But Dr. CYUger saw crowds of large bomble-beea raiting 

gigantic flowers of this orchid, not in order to suck neclar, but 
gnaw oiT the ridges within the cliarober above the bucket; in 
&iiiig this they frequently poshed each other Into the bucket, and 
their winga being thus wetted thcj could not fly away, but were 
competled to crawl out ihrough the passage fonned by the spout or 
OWrflow. Dr. Crilger saw a "continual procession' of bees thus 
cnwling out of their involuntary bath. The passage is narrow, and 
u roofed over by the column, so that rt bee, in forcing ita way out, 
first rubs ita buck agunst the viacid stigma and then against the 
Tiacid glands of the poUen-rDasses. The pollen-masses are thus 
^Ited to the back of the bee which first hopiiens to crawl out 
*'*IK)a^ the passage of a lately expanded flower, and are thus 
OTiod away. Dr. Criiger sent me a flower in spirits of wine, with 
bee whioh he had killed before it bad quite crawled out with a 
fgUm-tnasa still fastened to its back, When the bee, thus provided, 
fliw to another flower, or to the same flower a second time, and is 
yiuhed by ita comrades into the bucket and then crawU out by the 

■ge, the poUen-mass necessarily comeii first into oontact with 

Tiadd stigma, and adheres to it, and the flower is fertilised. 

r at lait we *oe the foil use of every part of the flower, of the 
horns, of the bucket half full of watw, which 
jnventB the bees from Sying away, and forces them to crawl out 
tfiroagh the spout, and rub ^^ainst the properly placed viscid poUen- 

The conrtniction of the flower in another closely allied orchid, 
namely the Catasetum, is widely different, though serving the same 
■od ; and is equally curious. Bees visit these flowers, like those of 
Ae Coryantbes, in order to gnaw the laboltum ; in doing this they 
bevitahly touch a long, tapering, sensitive projectton, or, as I have 
called it, the antenna. 'Ihis antenna, when touohed, transmits a 
MDsation or vibnilion to a certwn membrane which is instantly 
nptttred ; this sets frw a B|)ring by which the pollen-mass is shot 
Ibrtb, like an arrow, in the right direction, and adheres by its 
viscid extremity to the back of the bee. The pollen-mass of the 
male plant (for the sexes are separate in this orcliid) is thus carried 
to the Bower of the female plant, where it is brought into contact 
with the stigma, which is viscid enongh to break certain elastic 
threads, and reLtiuing the potion, fertilisation is effected. 

How, it may be aaked, in the forgoing and in innumerable other 
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instaoces, can vie understand the graduated ecale of complexity and 
the multilarimis means for gaining the same ead. The answer do 
doubt is, as already remarked, that when two forma vary, which 
already differ from each other in some alight degree, t^ vuiahility 
will not be of tha same exact nature, and consequently the lesnlts 
obt^ned througli natural selection for the same general purpose will 
not be tbe same. We should also bear in mind that every highly 
dsTclopcd organism has passed through many changes; and tliat 
each modified structure leads to be inberited, so that each modi- 
fication will not readily be quite lost, but may be again and again 
further altered. Hence the structure of each part of each species, 
for whatever purpose it may Bcrve, is tha sum of many inherited 
changes, through which the apecicB has passed during its snccesstre 
adaptationa to changed habits and conditions of Ufs, 

finally then, although in many cases it is most difficult even to 
conjecture by what transitions organs have arrived at their present 
state; yet, conaideriDghowamalltheproiwrtionof living and known 
Tonus is t4i the extinct and unknown, I have beeo astonished how 
rarely an organ can be n&med, towards which no tniDailioiui grade 
is known to lead. It certainly is true, that new organs appealing 
u if created for some special purpose, rarely or never appear in any 
being ; — ae indeed is shown by that old, but somewhat eiaggerated, 
cttnon in natural history of " Natura non facit saltum," We me« 
with this admiaaion in the writings of ahnost every experienced 
naturalist; or as Milna Edwards has well expressed it. Nature is 
prodigal in variety, hot niggard in innovation. Why, an the 
theory of Creation, should there be so much variety and so little 
real novelty? Why should aU the parts and oi^ns of many 
iudepnndent beings, each supposed to have been separately crested 
for iU proper place in nature, be so commonly linked together by 
graduated steps? Why should not Katuro take a sudden leap 
from structure to structure ? On the theory of natural selection, 
we can clearly understand tvhy she should not ; fi»' natural 
Bolection acts only by taking advantage of slight successive vari^ 
tions ; she can never take a great and sudden leap, but most 
advance hy short and sure, though slow steps. 

IS ajfecltd hy Natur^ 

As natural selection acta by life and death, — by the Eurvivol ot 
the fittest, and by the destruction of the less wel!-6ltod indi- 
viduats, — 1 have sometimes felt great diEBculty in understanding 
the origin or formatioD of parts of little importance; almost as 
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gr«at, tboogli of B very different kind, as in the case of the taosi 
perfect and complex organs. 

In ihe fiist place, we are innch too ignorant in regard to the 
whole economy of any one organic being, to say what slight modifi- 
cations wonld be of importonue or not. In a former chapter I liave 
p*en instances of vltj trifling cbaracterB, Kucb as the down on 
fcnit md the colour of ita flcflh, the colour of tlie skin and hair of 
quwlrapedB, which, from being correlati'd with constitutional 
diSereucDs or from deti^nnining the attacks of insects, might 
usuTodty be acted on by natural selection. The tail of the giraEfe 
luobs like an artificially constructed fly-flapper ; and it seems at 
first incredible that this could have been adapted fur Its present 
purpose by successive slight modifications, each better and better 
littod, for so trifling an object as to driTo away flies ; yet we ahoold 
pause before being too positive even in this case, for we know that 
the distribution nod existence of cattle and other animals in South 
America absolutely depend on their power of resisting the attacks 
oftDsecta: so that individuals which could by any means defend 
tbemselvea from thes« small oneoiieB, would In able to range into 
new postures and thus gain a great advantage. It is not that the 
larger quadrupeds are actually destroyed (except in some rare 
oteea) by flies, but they are incessantly harassed and their strength 
reduced, so that they are more subject to disease, or not so well 
enabled in a coming dearth to search for food, or to escape from 
beasts of prey. 

Organs now of trlQing importance have probably in some cases 
been of high importance to an early progenitor, and, after having 
been slowly perfected at a former perioti, have been transmitted to 
existing gpecies in nearly the same state, although now of very 
slight use ; but any actually injurious deviations in their stmcture 
would of course have been checked by natural selection. Seeing 
how important ao organ of locomotion the t^l is in most aquatic 
animals, its general presence and use for many purposes in so 
many land animals, which in their lungs or modified snimbladderv 
betray their aquatic origin, may perhaps be thus accounted for. A 
well-developed tail having been formed in an aquatic animal, it 
might subsequently coma to be worked in for all sorts of purposes, 
— as a fly-flopper, an organ of prehensiou,oras an aid in tnming.as 
in the case of the dog, though the aid in this latter respect must be 
•light, for the hare, with hardly any tail, con double still more 
quickly. 

In the second place, we may easily err is attributing importance 
to chwacters, and in believing that tbey have been developed 
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thraugli n&tural selection. We must by no means overlook the 
effects of ihe definit* action of changed conditions of lift, — of eo- 
cftUed spoDtaneouB variatioDg, which seem to depend in a quite 
anbordinate dt-grea on the nature of the conditions, — u( Ihe lon- 
dency to reversion to long-lost chaiactera, — of the complei lava of 
growth, such as of correlatiun, compensation, of the pressure of one 
part on another, &c.,~'tind finally o( sexual selection, by which 
cbaracten of use to one sex are oftea gained and then transmitted 
more or leas perfectly to the other sex, though of no use to this 
•ex. But structures thus indirectly gained, although at first of no 
■dvontnge to a specioB, may sul^sequtQtly have b<«n taken advui- 
tage of by its modified desccadanta, uudor new coDiiitions of Ufe 
and newly acquinid habits. 

If green woodpeckers alone had eiistod, and we did not know 
that there were many black and pied kinds, 1 dare say that we 
should have thought that the green colour was a bi'autiful adapta- 
tion to conceal this tree-frequenting bird from its enemies ; and 
consequently that it was a character of importance, and had been 
acquired tbroagb natural selectloa ; as it is, the colour is proUU; 
in chief part due to sexual selection. A traiUng palm in the Malay 
Archipelago climbs the loftiest trees by the aid of exqnisiloly oon- 
itrocted books clustered aroimd the ends of the branches, and this 
contrivance, Dodoubt,is of the highest service to the plant i but aawe 
see nearly eimilar hooks on many trees which are not climbers, and 
which, as there is reaaoD to believe from the distribution of the thorn- 
bearing species in Africa and South America, serve as a defeooe 
against bniwainic quadrupeds, so the spikes on the palm may at 
first have been developed for this object, and subsequently have been 
improved and taken advantat^e of by the plant, aa it underwent 
inrther modification and became a climber. The naked skin on the 
head of a vnlture is gencraily considered as a direct adaptation for 
wallowing in putridity ; and so it may be, or it may possibly be 
doe to the direct action of putrid matter; but we should be very 
cautious in drawing any such infereDce, when we see that the skb 
on the head of the clean-feeding male Turkey is likewise naked. 
llie sutures in the skulls of young mammals have been advanced ■■ 
B beautiful adaptation for aiding; parturition, and no doubt they 
fiuiilitate, or may be indispensable for this act; but as sutures 
occur in the skolls of young birds and reptiles, which have only le 
•scape from a broken esg, we may infer that this structure has 
triscn from the laws of growth, and has been taken advantage of in 
the parturition of the higher animals. 

We are profoundly ignorant of the caose of each slight variation 
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or iudividcuil diSerencR ; Kiid we aie immediately made ci 
or this bf reflecting on tli« differences betn'oea the breudi of oor 
domectickted B Tinn^i" in different oaunbies, — more especisdly in the 
leai civillMd countries where there hsa been bat little methodical 
■election. Aaim&la kept b; xarages in differaot countries often 
Lavo to struggle far their own Bubsieteace, and are exposed to a 
certain extent to natural selection, and indJriduaU with slightly 
different oonxtitutions would succeed best under difierent climates. 
With cattle susceptibility to the attacks of fliM is correlated with 
cotouT, a* la the liability to be potsoned by certain plants ; so that 
eren colour would be thus subjected to the action of natoral 
selection. Some observers are convinced that a damp climate 
affect* the growth of the hair, and that with the hair the horns are 
correlated Mountain breeds always differ from lowland breeds ; 
and a mountainous country would probably affect the hind limbs 
from exercising them mora, and possibly even the form of tJie 
pelris 1 and then by the law of homologous variation, the front 
limb* and the bead would probably be affected, llie shape, also, 
ot the pelvis might affect by pressure the shape of ccriain parts of 
the young in the womb. The laborious breathing necessary in 
high regions tends, as we have good reason to believe, to increase 
the aice of the chest ; and again correlation would come into piny. 
The eflecta of lessened exercise together with abundant food on the 
whole Diganisation is probably still mora important ; and this, as 
U. von Nathusius has lately shown in his excellent Treatise, is 
- iippareatly one chief cau»e of the great moditication which the 
laofawinehave undergone. But we are far too ignorant to spccu- 
a the relative importance of the several linown and unknown 
^tion; and I have made these remarks only to show 
t, if we are unable to account fur the characteristic difft^rences 
t <mr iSTeral domestic breeds, which nevertheless are gcneTsJly 
mitted to bare arisen through ordinary generation from one or a 
r paient-stQcks, we ought not to lay too much stress on our 
e of the precise cause of the slight analogous differences 
■tweea true species. 

Utilitarian Doctrine, how far true : Beauty, how acqiiirtd. 
The foregoing remarks lead me to say a few words on the pioteot 
lately made by some naturalists, agaiost the utilitarian doctrine 
that every di'tall of structure has been produced for the good of its 
pnsirnnnr They bebeve that many structures have been created 
tx the sake of beauty, to delight man or the Creator (bat this 
latter point is beyond the scope of scientlfU discussion), or for th« 
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Bake of niero Toricty. a view already discussed. Such doctrines, if 
true, would be absolutely fatal to my theory. I fully admit Iliac 
many structures are now of no direct nsa to their 
may uercr hare been of any use to their progenitocs; bnt this 
cot proTG that they were formud solely for beauty or variety, 
doubt the definite action of cbnuged conditions, and the 
causes of modifications, lately specified, have all produced 
effect, probably a great effect, independently of any advantage thus 
gained. But a still more important consideration is that the chiel 
part of the organisation of every living creature is due to inherit- 
ance 1 and consequently, though each being assuredly is well litted 
for ita place in nature, many Gtmctnres have now no very close and 
direct relatiou to prcEcnt habits of Ufe. I'hus, we can hardly 
believe that tbe webbed feet of the upland goose or of the frigate- 
bird are of special use to these birds ; we cannot believe that the 
similar bones in the arm of the monkey, in the fore-leg of the 
horse, in the wing of the bat, and in the flipper of the seal, are of 
special use to these animals. Wo may safely attribute these 
structures to inheritance. But webbed feet no doubt were as 
useful to the progenitor of the npland goose and of the frigate-bird, 
as they now are to the most aquatic of living birds. So we may 
believe that the progenitor of the seal did not possess a flipfer, but 
a foot with five toes fitted for walking or grasping; and we may 
further venture to lieUeve that the several bones in the limbs of 
the monkey, horse, and bat, were originally developed, on tbs 
principle of utility, probably through the reduction of 
numerous bones in the fin of some ancient fish-like progenitor 
the whole class. It is scarcely possible to decide how 
allowance ought to bo made for such causes of change, i 
definite action of external conditions, so-called spontaneous 
tioDS, and the complex laws of growth ; but with these iin|iortant 
exceptions, wo may conclude that the structure of every living 
creature either now is, or nas formerly, of some direct or in- 
direct use to its possessor. 

With respect to the belief that o^nic beings have been created 
beautiful for the delight of man, — a belief which it has bijen pro- 
nounced is subversive of my whole theory, — 1 may first 
that the sense of beauty obviously depends on tlie nature of 
mind, irrespective of any real quality in the admired object 
that the idea of what is beautiful, is not innate or unnltoii 
We see tliis, for instiince, in the men of different races admiring 
entirely different elondwd of beauty in their women. If bcautil 
objeotB had been created solely (or man's gratificaUon, it oueht 
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he shown that befora man appeared, there wao less lieaoty on the 
bee of the earth thnn since ho came on the Blage. Were the beau- 
tiful Totuts and cone sheila of the Eocene epoch, and the gracefuUj' 
Knlptored ammonites of the Secondary period, created that man 
might itges arterwards admire tbem in his cabinet ? Few objects 
we more beautiful than tho minute siUceonB cases of the (Unlo- 
maoBic: were these created that they might be examined and 
adtuircd under the higher powers of the microscope ? The beauty 
in this latter case, and in many others, ia apparently wholly due 
toiymmetry of growth. Flowers rank amongst the most beantiful 
poductiona of nature ; but they have been rendered conspicuons 
in contrast with the green leaves, and in consequence at the same 
time beantifnli so that they may be easily observed by insects. I 
have come to this conclusion from finding it an invariable rule that 
when a flower is fertihscd by the wind it never has a gaily-coloured 
corolln. Several plants habitually produce two kinds of flowers ; 
one kind open and coloured so as to attract insects; the other 
cloeed, not coloured, destitute of nectar, and never visited by insects. 
HsDce we may concludQ that, if iutecta hod not been developed on tbe 
bee of the earth, our plants would not have been decked with bean- 
tiful flowers, but would have produced only such poor flowers as wo 
■ee on our fir, oak, nut and ash trees, on grasses, spinsch, docks, and 

' nettles, which are all fertilised throngh the ^ency of the wind. A 
nmilar line of argument holds good with fruits; that a ripe straw- 
berry or cherry ia as pleasing to tho eye as to the palate, — that the 
gMly-coloured fmit of the apindle-wood tree and the scarlet berries 
of ^e holly are beautiful objects, — will be admitted by every one. 
But this beauty serves merely as a gnide to Urds and beasts, in 
order that the fruit may be devoured and the manured seeds dis- 
Hroinaled: I infer that this is the cose from having as yet found 
DO exception to the rule that seeds are always thus disseminated 

, whan embedded witliin a fruit of any kind (that is within a fleshy 
or pnlpy envelope), if it bo coloured of any brilliant tint, or ren- 
dered conspicuous by being white or black. 

On the other bond, I willingly admit that a great number of 
male animals, as all our most gorgeous birds, some fishes, reptiles, 
And mammals, and a host of magniScently coloured butterflies, 
liare been rendered beautiful for beauty's Bake; but this has been 
oflbcted throngh sexual selection, ihaC is, by the more beautifui 
males having been continually preferred by the females, and not for 

I the delight of man. So it is with the music of birds. We may 
infer from all this that a nearly similar taste for beautiful colours 
tnd for musical sounds runs through a large part of the aninnal 
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kingdom. When the female U u beantifullj coloured as the mala, 
which ia not larcLf the caso with birds and butterflies, the caiue 
apparently lies in the coloora acquired through Bezual selection 
having been trauBmitted to both sexes, instead of to the males 
alone. How the sense of beautj in its simplest form — that is, the 
reception of a peculiar kind of pleasore &om certain colours, forms , 
and Bounds — was first developed in the mind of man and of the lower 
nnimaUj \a a Very obscure subject. The same sort of difficulty is 
presented, if we enquire how it ia that certain flavouia ana odours 
give pleasure, and others diapteasiue. Habit in all these caaoe 
appears to have come to a certain extent into play ; but there muat 
be eoiue fondameutal cause in the constitnUoa of the nerrouB 
system in each species. 

Natural selection cannot possibly produce any modification in 
a species eiclusively for the good of another species ; though 
throughoDt nature oue species inceesantly takes advantnge of, and 
profits by, the structures of others. But natural seloction can 
and does often produce structures for the direct injury of other 
animals, as we see in the fang of the adder, and in the oripositor 
of the ichneumon, by which its eggs are deposited in the Uving 
bodies of other iusecU. If it could be proved that any part of 
the structure of any one species had been formed for the excludve 
good of another species, it would annihilate my theory, for such 
could not have been produced Ihrougb natoral selection. Alihottgh 
many slatements may be found in works on natural history to this 
effect, I cannot find even oao which seems to me of any weight. 
It is admitted that the rattlesnake has a poison-fang for its own 
defence, and for the destruction of its prey; but some authors 
suppose that at the same time it is furnished with a rattle for its own 
injury, namely, to worn its prey. I would almost as soon believe 
that the cat curls the end of its tail when preparing to spring, in 
order to warn the doomed mouse. It is a much more probahla 
view that the mttlesnake uses its rattle, the cobra expands itts frill, 
and the puff-adder swells whilst hissing so loudly and harshly, in 
order to alarm the many birds and boasts which ore known to 
attack even the most venomous species. Snakes act on the same 
principle which mokes the hen ruffle her feathers and expand her 
wings when a dog approaches her chickens i but I have not spnce 
here to enlarge on the many ways by which ftiimnla endeavonr to 
{tighten away their enemies. 

Natural seleotiiiu will never produce in a being any stmctnre 
mure injurious than bcnoBcial to that being, for ]iatural selection 
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8cU Bolely by anil for the good of each. No orRan will be formeii, 
as Paley baa remarlied, for the purpose of cauaiug paiD or for doing 
kQ injuij to it« foasesaac. If a fair baliDce be struck 'between the 
good imd evil cftused by each put, each will be found on the whole 
adranugeous. After the lapse of time, under changing cociditioiia 
of life, if any pert comes (o be inJQrions, it will ba modifiwl ; or if it 
be not BO, the being will becomo extinct M myriads havs become 

Natural selection tends only to moke each organic being aa 
perfect as, or slightly more pcrftct than, the other inhnbitanta of the 
nine country with which it cornea into compolition. And we see 
that this is the standard of perfection attained under nattu'e. The 
eudemio productions of Net* Zealand, for instance, are perfect one 
compared with another; but they are now rapidly yielding befors 
the advancing legions of plants and animals introduced from Europe, 
Natural selection will not produce absolute perfection, nor do wo 
always meet, as far as we can judge, with this high standard under 
nature. The coiroction for the aberration of light is said by Miillei 
not to be perfect evea in that most perfect organ, the humaa eye. 
Uelmholtz, whose judgment no one will dispute, after describing 
in the strongest terms the wonderful powers of the human eye, 
adds these remarkable words : " That which we have discovered 
In the way of inexactness and imperfection in the optical mnchine 
and in tho imi^e on the retina, is as nothing in comparison with the 
incongruities which we have just come across in the domain of the 
ianaatians. One might say that nature has taken delight in accu- 
malatiog contradictions in order to remove all foundation from tlie 
tbeory of a pre-existing harmony between the external and internal 
irorlda," If our reason leads us to admire with enthusiasm a 
nultitade of inimitable contriTSOceB in nature, this same rcanou 
talli na, though we may easily err on both sides, that some otlicr 
ttotriranoes are less perfect. Con we consider the sting of the bee 
M perfect, which, when used against many kinds of enemies, 
Oinnot be withdrawn, owing to the backward scrratnrcs, and thus 
tnevitably causes the death of the insect by tearing out its viscera ? 

If we look at the sting of the bee, as having existed in a remote 
prc^nitflT OS a boriog and serrated instrument, like that in so many 
members of the same great order, and that it has since been modi- 
fied hut not perfected for 'ne present purpose, wiih the puison origi- 
nally adapted for some other object, socb as to produce galls, since 
inlensifiod, wc can perhaps understand how it is itiat (he use of the 
aling should m> odeu cause the insect's own death: for if on 
the whole the power of stinging be nseful to the social community, 
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it nill fulfil nil the requirements of natunil selection, thoagh it may 
CAoae tlie death of some few members. If we admire the imly 
wonderful power ofscent by which the males of m&Q]' insects fiod 
their females, can wo admire the prodactioa for this single purpose 
of thonsanda of drones, which are ull«rlf usclcaa to the community 
for any other purpose, and wliich are ultimately slaughtered 1^ 
their induBtriouB and sterile sisters? It niaj be difficult, bnt we 
ought to admire the savage instinctive hatred of the queen-bee, 
which urges her to destroy the young queens, her daughters, as soon 
SB they are bom, or tu perish herself in the combat ; for undoubtedly 
this is for the good of the community ; and materaal love or ma- 
ternal hatred, though the latter fortunately is most rare, is nil the 
same to the inexorable principle of natural selection. If we admire 
the several ingenious wntriTances, by which orcliids and many other 
plants are fertilised through insect agency, can we consider as 
equally perfect the elaboration of douse clouds of pollen by our 
fir-trees, so that a few granules may be waft«d by chance on to the 

Btanmary: the Imw of Unity of Type and of the Condition* cjf 
Exiitence embraced hy the Theory of Natural Selection. 
We have in this chapter discussed Bomo of the difficultjes and 
objections which may be ui^ed against the theory. Many of them 
are serious ; but I think that in the discussion light has been thrown 
on several tacts, which on the belief of independent acts of creation 
are utterly obscure. We have seen that species at any one period 
are not indefinitely variable, and are not linked together by a 
multitude of intermediate grmlationa, partly because the process of 
natural selection is always very slow, and at any one time acts only 
on a few forms; and partly because the very process of natural 
selection implies tlie continual supplanting and extinction of pre- 
ceding; and intermediate gradations. Closely allied species, now 
living on a continuous area, must often have been formed when the 
area was not continuous, and wnen the conditions of life did not 
insensibly graduate away from one part to another. When two 
varieties are formed in two districts of a continuous area, an inter- 
mediate variety will often be formed, fitted for an intennediata 
sone ; but from reasons assigned, the intermediate variety will 
usually exist in lesser numbers than the two forms which it 
connects ; consequently the two latter, during the course of further 
modilicBtion, from uxisting in greater numbers, will have a great 
advantage over the less numerous intermediate variety, and will 
thus generally succeed in supplanting and exterminating it. 
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We have Been in this chapter how cautioua wo should ba in cod- 
dmling tbat the moat difTerent habits of life could not graduals 
into each other; that & bat, for instance, could not have been 
fonned by natural seleotion from &n animal which at first only 
glided through the sir. 

Wa have Men that a species under new conditions of life may 
ebange ita habiU; or it may have diveisiScd habits, with some 
v«tT unlike those of its nearest congeners. Hence we can under* 
■land, beating in mind that each o:^nic being ia trjing to live 
wherever it can live, how it has arisen tbat there are npiand geese 
with webbed feet, ground woodpeckers, diving thrushes, and petrels 
with the habits of auks. 

Although the belief tbat an organ so perfect aa the eye could 
have been formed by natural selectioQ, ia enough to stagger any 
me ; yet in the case of any organ, if wo know of a long series of 
gradations in complexity, each good for its possessor, then, nnder 
dunging conditions of life, there is no logical imjiossibility in the 
acquirement of any conceivable degree of perfection through natural 
selection. In the caacs in which we know of uo intermediate or 
tiansitioual states, we should be extremely cautious in concluding 
that none can have existed, for the metamorphoses of many organs 
■how what wonderful changes in function are at least possible. For 
ioatonce, a swimbladdcr has apparently been converted into an air- 
fcnathing lung. The same organ having performed simultaneonsly 
very different (unctioue, and then having been in part or in whole 
•pecialised for one function ; and two distinct orgnns having per- 
formed at the same time the same function, the one having been 
perfected whilst aided by the other, must often Lave largely &cili- 
tated transitions. 

We have seen that in two beings widely remote from each other 
in the natural scale, organs serving for the same purpose and in 
eilemal appearance closely droilar niay have been separately and 
independently formed ; but when such organs are closely eiamined, 
essential diffetenccs in their structure can almost always be detected; 
and this naturally follows from the principle of natural selection. 
On the other hand, the common rule throughout nature is infinite 
diverwty of structure for gaining the some end ; and this again 
naturally foilnwR from tho same great principle. 

In many cases we are fitr too ignorant to be enabled to assert that 
at part or organ is so unimportant for tho welfare of a species, that 
modiGcations in ita structure could not tiave been slowly ac«amu- 
bUd by meona of natural selection. In many other caaee, modiS- 
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catioua arc probably the direct result of the laws of vsriation or of 
growth, isiJepciidcntly of any good having been thus gained. But 
even such structures have often, as we may feeL assured, been 
Bubseqiientlf taken advantage of, and still further modified, for 
good of species under now conditions of life. Wo may, also, belii 
that a part formerly of high tui|>ortanco has frequtntly 
lained (as tbo tail of an aquatic animal by its tturtstrJal deacend* 
ants), though it baa becvmo of such small importance that it conld 
not, in its present Btate, havo been acquired by means of natural 
Beiectioa. 

Natural selection can produce nothing in one species for the 
exclusive good or injury of another; though it may well produce 
ports, organs, and excretions highly useful or even iudispeusable, or 
again highly injurious to another species, but in all cases at the 
same time useful ta the possessor. In each well-stocked country 
natural selection acta through the competition of the inhabitants, 
and consequently leads to success in the battla for life, only in 
accordance with the standard of thnt particulnr country. Hence 
the inbabitanta of one country, generally the smaller one, often 
yield to the inhabitants of another and generally the larger country. 
For in the larger coimtry there will have existed more individuals 
and more diversified forms, and the competition will have been 
severer, and thus the standard of perfection will have been rendered 
higher. Natural selection will not necessarily lead to absolute 
perfection ; nor, as far as we can judge by our limited laculties, can 
absolute perfection be everywhere predicated. 

On the theory of natural selection we can clearly understand the 
full meaning of that old canon in natural history, "Natura Don 
fncit saltum." This canon, if we look to the present inhahitanis 
alone of the world, is not strictly correct ; but if we include all 
those of past times, whether knovm or unknown, it must on this 
theory be strictly true. 

It is generally acknowledged that all oi^nic beings hare been 
formed on two great laws — Unity of Type, and the Conditions of 
Existence. By imity of type is meant that fundamental agreement 
in structure which we see In organic beings of tbo same class, and 
which is quite independent of their hnbits of life. On my theory, 
unity of type is oiplaincd by unity of descent. The ei|3reBsion of 
Gonditiona of existence, so often insisted on by the illustrious 
Cuviet, is ful'y embraced by the principle of natural selection. For 
natural selection acts by either now adapting the vacying patU oC i 
each being to its organio and morgonic conditions of life 
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having adapted them during past periods of time : the adaptations 
being aided in many cases by the increased use or disuse of parts, 
being affected by the direct action of the external conditions of 
life, and subjected in all cases to the seyeral laws of growth and 
Yariation. Hence, in fact, the law of the Conditions of Existence ia 
the higher law ; as it includes, through the inheritance of former 
Tarifttions and adaptations, that of Unity of Typo. 
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CHAPTEK VII. 

MiscELLAi-'Eous Objections to tbb Theost of Katcku ] 

Selkction. 

Langeritj — UodiRcitloiu not necesrarily nmnitancaiu — Hodificitla 
■ppanntlj of ao direct eerricc — ProgresElTC developmeDt — CharacMn 
of nnBll fuDctioDal importuice, thi moet (wostaat — Sappoied iucom- 
p«teace of lutaral mlectioa to Mconut foe the iacipieut tttgu of 
useful Btmctures — Cboies which intcrfera nlth ths acqniiitien through 
natural lelectioD of naeful alracturM — Gradatloua of itroctnn with 
changed fonclions — Widely different orguii in memlMn of tha am* 
class, dSTeloped from one sad the lams aoorca — Reasoni for diabeliaT- 
ing in great and abmpt modilicatioai, 

I WILL derate this chapter to the cooBideration of v&rious mis- 
cellaaeouB objectioQS which bava bcea advanced against my viowa, 
as Bomu uf the previous discussiotiB may thus be made clearer ; but 
it would be uBciesa to disctus all of them, as many have been made 
bj writers who have not taken the trouble to naderstand the 
subject. Thus a distinguished German naturalist has asserted that 
the weakest part of my theory is, that I consider all organio beings 
as imperfect : what I have really said is, that all are not as perfect 
as they might have been in relation to their conditions ; and this is 
shown to be the case by so many native forms in many quarters of 
the world having yielded their places to intruding foreigners. Nor 
can organic beings, even if they were at any one time perfectly 
adapted to their conditions of life, have remained so, when their 
conditions changed, unless they themselves likewise changed; and 
no one will dispute that the physicaJ conditions of each country, as 
well as the numbers and kinds of its inhabitants, have undergone 



A critio has lately insisted, with some parade of mathematical 
accuracy, that longevity is a great advantage to all species, so that 
he who believes in natural selection "must arrange hU genealogical 
tree" in such a manner that all the descendants have longer lives 
than their progenitors I Cannot our critic conceive that a biennial 
plant or one of the lower animals might range into a cold climate 
and periih there every winter; and yet, owing to advanUigtM 




1 throaglt natural selection, survive from year to year hy 
s of it» seeds or ova? Mr. E. liay Lvikestcr bu recently 
d this subject, sod lie cotiuludea, as far as its extreme com- 
plexity allows him to form a jniigmeot, that longevity is genorally 
related to the staadard of each species in the scale of organisation, 
•a well as to the amount of expenditure in reproduction and in 
genatal aclivity. And these conditions have, it is probable, been 
IkTgaly determined through natural selection. 

It has been argued that, as none of the animals and plants of 

Egypt, of which we know anything, have changed during the last 

three or four thousand years, so probably have none in any pan 

of the world. But, as Mr. G. U. Lewes has remarked, this line of 

Oigument proves too much, for the ancient domestic r^ces figured 

OD the Egyptian monuments, or embalmed, aro closely similar or 

n identical with those now living ; yet all naturalists admit that 

I jnch races have been produced through the modiiication of their 

y original types. The many animals which bare remained unchanged 

a the commencement of tho glacial period, would have been an 

I , Incomparably stronger case, for these have been exposed to great 

changes of climate and hare migrated over great distances; whereas, 

' in Egypt, daring the last several thousand years, the conditions of 

I life, as far as we know, have remained absolutely uniform. The 

I fret of little or no moditicatiou having been effected since the 

t glacial period would have been of some avail a^^ioet those who 

innate and necessary law of development, but is 

powerless against the doctrine of natural selection or the stirvivsl 

of the fittest, which implies that when variations or individual 

^fferencefl of a beneficial nature happen to arise, these will bo 

preserved; but this will be effected only under certain favourable 



The celebrated paheontologist, Bronn, at the close of his Qcrman 

\ tnnaiation of this work, auks, how, on the principle of natural 

■election, can a variety live side by side with the parent-species? 

If both have become fitted for slightly different habits of Ufa or 

oonditions, thoy might Uve together ; and if we lay on one side 

polymorphic species, in which the variability eoemi to be of a 

pecoliar nature, and ftU mere temporary varislions, such as size, 

LAlbmiom, &c., the more permanent varieties are generally found, as 

fMl aa 1 can discover, iniiabiting distinct stations, — such as high 

' Jmnd or low laud, dry or moist districts. Moreover, in the cose of 

* f" '""*!" which wander much about and cross freely, their varieties 

Mem to be generally confined to distinct regions. 

Broimalso insists that distinct species never differ from each other 
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In single cbaractera, but in many parts ; and he asks, how it almyH 
oomea that many parts of the orgaciaation should have been modi- 
fied at the same time through variation and natural selection ? 
But there iij no necessity far supposing that all the parts of any 
being have been aimultaneonsly modified. The most sCrikinR 
modi Scat ions, eicellentlj adapted for some puqwse, might, as was 
formerly remarked, be acquired by succcBsive variatioos, if ah'ght, 
first in one part and then in uiother ; and as they would be trani- 
mitted all lociether, they wonld appear to us as if they had been 
■imultanconsly developed. The best answer, however, to the above 
objection is afforded by those domestic ntcea which have been 
modified, cbie&y through man's power of selection, for some special 
pnqjose. Ijook at the race and dray horse, or at the greyhonnd 
and mastiff. Their whole frames and even their mental characteristics 
have been modified ; but if we could trace each step in the history 
of their tranafonnation,— and the latier steps can be traced, — we 
should not see great and eimnltaneons changes, but first one part 
aud tkGn another slightly modified and improved. Even when 
aelectiCD bos been applied by man to some one character alone, 
— «f which out cultivated plants offer the beet instances, — it will 
invariably be found that although this one port, whether it be the 
flower, fruit, or leaves, has been greatly changed, almost all the 
other ports have been slightly modified, ITiis may be attribated 
partly to the principle of oorreUiled growth, and partly to so-called 
■pontaneoua variation. 

A mncb more st^rions objection has been urged by Bronn, and 
reoently by Broca, namely, that many characters appear to be of no 
service whatever to their possessors, and therefore cannot have been 
infiueuced through natural selection. Bronn adduces the length of 
the oars and tails in the different species of hares and mice, — the 
complos folds of enamel in the teeth of many animala, and a 
tnulcitude of analogons esses. With respect to plants, this snbject 
has been discussed by Nageli in an admirable essay. Ele admits that 
natural selection has effected much, but he insists that the families 
of plants differ chiefly from each other in morpholc^cal characlerB, 
which appear to be quite uQimportimt for the welfare of the speciea. 
Ee consequently believes in an innate tendency towards progressive 
and more perfect development. He specifies the arrangement of the 
cells in the tissues, and of the leaves on the axis, as cases in which 
natural selection could not have acted. To these may be added 
the numerical divisions in the parts of the flower, the position 
of the ovules, the shape of the seed, when not of any use for dis- 
eeminatioQ« &c 
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There U rouoli force in the above objectioc. Nevertheleaa, we 
ig^it. in the Brat place, to be eitremdj cautions in pretending 
to decide what stnictiirea now are, or have forraerly been, of use to 
tach species, In the second place, it should alwajs bo borne in 
jnind tiiat when one pert is modified, so will be other parts, throucb 
certain dimly gcco Cftuses, such as an increased or diminished flow 
of nutriment to a part, mutual pressure, an early developed part 

Jog one Babeequcntly developed, and so forth, — as well as 
Aroogh other ranges which lead to the many mysterious cases 
of correlaUon, which we do not in tlio least understand. These 
•genciea may be all grouped together, for the sahe of brevity, under 
eipression of the laws of growth. In the third place, we have 
to allow for the direct and definite action of changeii conditions oi 
tife, and for so-called spontaneous variation^ in which the nature 
of the canditions apparently plays a qnite subordinate part. Bud' 
nriations, such as the appearance of a moss-rose on a common 

or of a nectarine on a peach-tree, offer good instances of spon- 

)D8 variations; but even in these caae«^ if we bear in mind the 
power of a minate drop of poison in producing complex gails, we 
onght not to feet too sure that tbe above variations are not the 
effect of some local change in tbe nature of the sap, due to some 

ge in the conditions. There must be some elScieni caoM for 
each slight iudividual difftrence, as well as for more strongly 
Biarked variations which occasionally arise ; and if tbe unknown 

I were to act persistently, it is almost certain that all the 
individuals of the spocles would be similarly modified. 

the earlier editions of this work I onder-rated, as it now seems 
probable, the Ireqnoncy and iraportanoe of modifications due to 
■poDtaneous variability. But it is impossible to attribute to iliie 

) tbe innumerable structures which are ao well adapted to the 
habits of life of each species. I can no more beheve in this, than 
that the woU-adaptod form of a race-horse or greyhound, which 
Iwfore the principle of selection by man was well understood, excited 
■o much surprise in the minds of the older naturalists, can thus be 
explained. 

It may be worth while to illustrate some of the foregoing remarks. 
With respect to the assumed inutility of various parts and organs. 
It ia hardly necessary to oteerve that even in the higher and best- 
known »niinala many stmcturca exist, which are so highly developed 
that no one doubts that they are of importance, yet their use has 
not been, or has only recently been, ascertained. As Brunn gives 
the length of the ears and tail in the several species of mice as 
lustoncef , though trilling ones, of differcocoe in structure whiuh can 
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be of no flpecial use, I may mention that, according to Dr. Soholil, 
tha external eats of the common mouse are supplied in an eitra- 
ordicir; manlier with nerves, bo that thej no doubt serro as toctils 
orgaoH ; hence the length of the ears can haidlj be quite uuim- 
joitBut. Wo skall, also, presently see that the tail is a hij^hly 
useful prehensile organ to soma of the species; aud iU uw would 
be much influenced by its length. 

With respect to planU, to which on accoDDt of Niigeli'a esaaj 
I shall confine myself in the following remarlis, it will be admitted 
that the flowtxs of orchids present a multitui3e of curious structorea, 
which a few years ago would have been considered as mere morpho- 
logical difierencea without any special function; but they are now 
known to be of the highest importance for the fertilisation of the 
species through the aid of insects, and have probably been gained 
through natural selection. No one until lately would have imagined 
that in dimorphic and trimorpbic plants the different lengths of the 
stamens and pistils, and their siTBngemeut, c«uld have been of any 
service, hut now we know this to be the case. 

Id curtain wbole groups of plimtB the ovules atand erect, and ia 
others they are suapoudcd ; and within the same ovarium of some 
few plants, one ovule holds the former and a second ovule the latlei 
position. These positions seem at first purely morphological, or 
of no physiological si-mification ; bat Dr. Hooker informs me that 
within the same ovarium, the upper ovules alone in some cases, 
and in other cases the lower ones alone are fertilised ; and he 
suggests that this probably depends on the direction in which the 
pollen-tubca enter the ovarium. If so, the position of the ovules, 
even when one is erect and the other suspi^nded within the same 
ovarium, would follow from the selection of any slight deviatioos in 
position which favoured their fertilisation, and the production of seed. 

Several plants belonging t« distinct orders habitually produce 
flowers of two kinds, — the one open of the ordinary structure, the 
other closed and imperfect. These two kinds of fiawers sometimes 
differ wonderfully in structure, yet may be seen t« graduate into 
each other on the sumo plant. The ordinary and open Sowers can 
be intercrossed ; and the benefila which certainly are derived from 
this process are thus secured. The closed and imperfect flowers are, 
however, manifestly of high importance, as they yield with the 
utmost safely a large slock of seed, with the expenditure of wonder- 
fully little pollen. The two kinds of flowers often differ much, as 
Just stated, in structure. The petals io the imperfect flowers almost 
always consist of mere rudimenlfl, and the pollen-grains are reduced 
in diameter. In Ononis columuu! five of the alternate stumons are 
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ndimentar; ; and in Bome species of Yiola three Btamuna are in 
this state, two retainiDg their proi"cr function, but being of very 
mall lize. In six out of thirty of the closed flowers in an IndiuD 
vkdel (name unknown, for the plants have never produced with me 
pofect fiowers), ihe aepab arc reduced l>om the normal number 
af five to three. In one section of the Malpi;;hisceiB the closed 
flowers, according to A.de Jussieu, are still further modilied, for 
dko five stamens which stand opposite to the sepals ore all aborted, 
S BXth stamen standing opposite to a petal being alooe developed ; 
end this stamen is cot present in the oniinary flowers of Ibese 
l^ecies ; the stylo is aborted ; an<! the ovaria are reduced from three 
to two. Now although natural selection may well have had the 
power to prevent some of the fiowers from expnnding, and to reduce 
tbe amount of pollen, when rendered by the closure of the flowers 
tnperfluons, yet haidly any of the above special modifications can 
t»ve been thus detennined, but must have followed from the laws of 
growth, including the functional inactivity of parts, during tbe pro- 
gnas of the reduction of the pollen and the closure of the flowers. 

It is so oecessarf to appreciate the important efiects of the laws 
of growth, that I will give some additional cases of anolber bind, 
namely of dilferenccs in the same part or organ, dne (o diETerencea 
in relative position on the same plant. In the Spanish chestnut, 
■ad in certain fir-trees, the angles of divergence of the leaves differ, 
ucording to Schacht, in the nearly horizontal and in the upright 
bnnchea. In the common rue and some other plants, one flower, 
nanally the central or terminal one, opens first, and has five sepals 
•nil petals, and five divisions to the ovarium; whilst all tlis other 
flowers on the plant are tetramerous. In the British Adoia the 
Uppermoit flower generally has two calyx-lobes with the other 
organs tetramerous, whilst the surrounding fiowers generally have 
lliree calyx-lohee with the other organs pcnlauierons. In many 
Oompoeitffi and Umbelliferie (and in some other plants) the circum- 
fatntial flowers have their corollas much more developed than those 
of the centre ; and this seems often connected with the abortion of the 
lepTodoctive organs. It is a more curious fact, previously referred 
to, that the acheneo or seeds of the drcumference and centre 
tometimcs differ grenlly in form, colour, and other character. In 
Carthamus and some other Comiwsits the central achencs alone 
■te fnmiabed with a pappus; and in Hyoscris the some bead yields 
achenes of three diflercnl forms. In certain Umbelliferte the ex- 
terior seeds, aooordiog to Tausch, are orthoBpermons, and the cendnl 
one ctelospormouB, and this is a character which was conslderwi by 
Be CandoUe to be in other species of the highest systematic Imr 
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pi>rta[ice. Frof. Braun mentions a Fumarioceona geniur, In which 
the flowQTB in the lower part of the spike bear oval, ribbod, one- 
seediid DUtlels ; and in the upper part of the spike, lanceolate^ two- 
vatTed, and two-seeded siliqnea. la these seTeral cues, with tha 
esceptioa of that oCtbe well develq«dr&7-9orets, which are of service 
In making the flowers conspicnous to insects, nfttural selection esn- 
Dot, as br as we can judge, have come into pUy, or 0DI7 in b quite 
sabordinate macner. All these modifications follow from the relative 
position and inter-actiou of the parts ; and it can hardly bo doubted 
that if all the flowers and leaves oa the same plant hod been sah- 
jected to the same external and internal oooditioQ, as are the flowers 
iud leaves in certain positions, all would have been modiSed in the 



IS other cases we find modifications of stmcture, which 
•re considered by botanists to be generally of a highly import- 
ant nature, affecting only some of the flowers on the smne plant, 
or occurring on distinct plants, which grow close together under the 
same conditions. As these variations seem of no special use tc 
the plants, th«7 cannot have bocii inQnsnc«d by natuml Klitclion. 
Of their cause we are quite ignorant ; we cannot even attribute 
them, as in the Ust class of cases, to any proximate agency, such 
as relative position. I will give only a few instances. It is so 
common to observe on the same plant, flowers indiflerenlly tetta- 
merouB, pentamerous, &c., that 1 need not give examples; but as 
nuraflrical variations are comparatively rare when the parts are 
few, 1 may mention that, according U> De Candolle, the flowcra of 
Papaver bracteatum offer either two sepals with four petals (which 
is the common type with poppies), or three sepals with six petals. 
The manner in which the petiila are folded in the hud is in most 
groups a very constant morphological cbaractfr; but Professor Asa 
Gray states that with some species of Mimulos, the ttstivaticn is 
almost as frequently that of the Rhinanthiden as of the Antirrbi- 
nidete, to which latter tribe the genus belongs. Aug. St. Hiloire 
^ves the following cases : the genus Zanthoiylon belongs to a 
division of the Bctoceie with a single ovary, but in some species 
flowers may be found on the same plant, and even in the same 
panicle, with either one or two ovaries. In Eeliantbemum the 
I sapmle has been described as unilocuhr or 3-loculnr; and io 
"" luUbila, " Dno lame, pins tut moina large, s'itend entre le 
pericarps et le placenta." In the flowers of Saponoria offidnalis. 
Dr. Masters has observed instances of both marginal and tee central 
placenlation- Lastly, St. Hitaire found towards the soutbern ex- 
treme of the range of Goaphia oLe^'ormts two tonaa which be did 
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not IX firat doubt wem distinct Bpecies, bat he suhwiqui^ntly law 
them growmg on tbe B&me busiii and he tbou addn, "Votllidonc 
dana un mime individu des togas et uu Btjie qui m rattacheat 
tantfit k nn &ie verticale et tanUit it un gjDoboae." 

We tbiu too tbat with plants man; morphological ch&Dgea may 
Im attributed to tbe laws of growth and the inter-ocUon of ports, 
iDdependcDtly of natoral Belectlon. But with respect lo Nogeli's 
doctriue of bd innate tendcncj towards perfection or progrcHsive 
devcLopment, can it be said iu tbe case of these strong; pro- 
aouuced variations, that tbe phmts hnve been caught in Lbe act of 
pn^reising towards a hishcr state of development ? On the ood- 
mry, 1 should infer from the mere fact of tbe parts in question 
difiering or varying greatly on the eoxae plant, that inch uiodi- 
flcationa were of cztiemoly small importance to the plants thetn- 
•elves, of whatever importance they may generally be to us for 
our classifications. Tbe acquisition of a uoelesB part can hardly 
be said to raise an organism in tbe natural scale; and in the case 
of tbe imperfect, closed fiowers above described, if soy new prin- 
dide haa to be invoked, it must be one of retropeasion rather tbnn 
of jot^reasion ; and so it must be with many parasitic and degraded 
■nimnla We are ignorant of the exciting cause of the above 
qKii£ed modifications; but if the unknown cause were to net 
■Imoet uniformly for a length of time, we may infer that the resnlt 
would be almost uniform ; and in this case all the individuals of the 
■pedes would be modiSud in tbe same manner. 

From the fact of the above characters being unimportant for the 
velbre of the Bjtecics, any slight variations which occurred in them 
would not have been accumulated and augmented through natural 
•electioii. A structure which baa been developed tbmugb loug- 
wntioued selection, when it ceases to bo of service to a specica, 
geuenlly becomes variable, ns we see with rudimentary organs ; for 
h will no longer be regulated by this same power of seiection. 
But when, bxim the nature of tbe organism and of the conditions, 
modifications have been induced which are unimportant for the 
welfare of the species, they may be, and apparently often have 
bem, ttausmitted in nearly the same state to nnmerous, otherwise 
modified, descendants. It cannot have been of much importance 
to the greater number of manmiaU, birds, or reptiles, wbetlier they 
were clothed with hair, fealhers, or scales ; yet hwr has been 
citled to almost all mammals, feathers to all birda, and scales to 
■n true reptilea. A atructurc, whatever it may be, which 
toon to many allied forma, is ranked by us as of high systematic 
tanportAQce, and consequently i^ often assumed to be of high vital 
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bnportsnce to the spcciea. llius, aa I &m inclined to beliere, 
morphological diSerences, wbich we cocsider as important — such aa 
the arrangement at the leaves, the diTJaioos of the fiower or of the 
ovarium, the position of the ovules. Sec — first appeared in many 
cues aa flactuating variations, which sooner or later hecame con- 
Mant through the nature of the organism and of the surroonding 
conditions, as well as through tlie intercrossing of distinct indivi- 
doals, but not through natmal selection ; for as these morphological 
oharncters do not affect the welfare of the fpeciea, any slight devia- 
tions in them coold not have beea governed or accuntnlsted throngh 
this latter agency. It is a strange result which we thos arrive at, 
sunelj that characters of slight vital importance to the species, 
am the most important to the systematise ; but, as we shall here- 
after see when we treat of the genetic principle of classification, 
this is bj no means so paradoxical as it may at first appear. 

Althongh we have no good evidence of the eiistence in organic 
beit^ of an innate tendency towards progressive development, yet 
this necessarily follows, as I have attempted to show in the fonrth 
chapter, through the continued action of natural selection. For thg 
best definition which has ever been given of a high standard of 
organisatioQ, is the degree to which the parts have b(«n specialised 
or differentialod ; and natural selection tends towards this end, inas- 
much as the parts are thus enabled to perfoim their functions more 
efBciently. 

A distinguished zoologist, Mr. St George Mivart, has recentlj 
mllected all the objections which have ever been advanced by 
myself and others against the theory of natural selection, aa pro- 
pounded by Mr. Wallace and myself, and has illustrated them with 
admirable art and force, Whsn thus marshalled, they make a 
formidable array ; and as it forms no part of Mr. Mivart's plan to 
give the various facts and considerations opposed to his conclnsions, 
DO alight effort of reason and memory is lei't to the reader, who may 
wish to weigh the evidence on both eiise. When discussing special 
^ Mr. Hivart passes over the effects of the increased use aud 
lie of parts, which I have always maintained to be highlj im- 
portant, and have treated in my 'Variation under DomeeticaUixi* 
at greater length than, as 1 believe, any other nriter. Uo likewise 
often assnmes that I attribute nothing to variation, indejiendently 
of natural selection, whereas in the work just referred to I have 
collected a greater number of well-establl^eJ coses than can be 
found in any othfr work known to rue. Wy judinnent may not be 
bnstworthjr, but after reading with care Mr. MJvart's book, and 
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compariag each sectirm with what 1 have eoid on the same head, 
I naver before felt so strongly ci'nviiiced of the general truth of the 
coocluaiona here arrived at, subject, of course, in so intricate a 
subject, to much partial error. 

All Mr. Mivart'a objedions will be, or hnve been, considered in 
the preseut volume, Tho cne new point which appenra to have 
■truck many reodeiH is, "that natural selection is incumpetcnl to 
account for the incipient stages of useful Blnicturcs," This lubjoct 
it intimal«ly connected with that of the gradation of characten, 
often sccompuiied by a change of function, — for instance, the eon- 
Tersion of a swira-bladdor into lungs, — points which were discussed 
in the last cbajilcr under two headings. Nevertheless, I will ham 
consider in some detail several of the caaes advanced by Mr. Mivart, 
■electiog those which are the most illustrative, as want of spoco 
prevents me from considering alL 

The giiaCfe, hy its lufly stature, much elongated neck, fore-legs, 
bead and tongue, has ils whole frame beautifully adapted for 
browsing on the higher brauchis of trees. It can thus obtain food 
beyond the reach of the other Ungulata or hoofed animals inhabiting 
the same country ; and this must be a groat advantage to it during 
dtartha. Tho Niata cattle in S, America show os how small i 
difference in structure may make, during such periods, a great differ- 
ence in iiresonring an animal's life. These cattle can hruwse as well 
as others on gnus, hut from the projection of the lower jaw they 
cannot, during the often recurrent droughts, browse on the twigs 
□f trees, reeds, &o., to which fnod the common cattle and borsca 
.ire then driven ; so that at these times the Niatas perish, if not fed 
by their owners. Before coining to Mr. Mivart'e objections, it may 
be well to explain once again huw natural selection will act in all 
ordinary cases. Man has modiGed some of his animals, without 
necessarily having atlendfd to sfiecial points of structure, by simply 
preserving and breeding from the fleetest individuals, aa with the 
nce-hoise and greyliound, or as with tho game-cock, by breeding 
^m the victorious birds. So under nature with the nascent giraffe, 
ihe individuals which were the highest browsers and were able 
during dearths to reach even an inch or two above the others, will 
often have been preserved ; for they will have roamed over the 
whole country in search of food. Tlial the individuals of the samo 
species often differ slightly in the relative lengths of all their parts 
may be seen in many works of natnrat history, in which carefol 
mc«surements are given. 1'h'Se slight proportional differences, due 
to the laws of growth and variation, are not of the slightcEt lae or 
iiupottancc to most species. But it will Lave heec stberwise with 



the nascent ginffe, conaideriDg its probable babits of life ; for thoM 
iodividiuk nrbicb bad some oas put or sererat parts of tb^ bodits 
talhcr mate elongated tbsu csiul, would geuenlly hkTe GorviTciL 
These v.iil hkve mtercroBSed and left oSspring, either inheriting tha 
game bodil; peculiarities, or with a tendency to vai; again in the 
same manner ) whilst tbe individuals, leaa faTOored in the Mine 
raqxcts, will hare been the most liable to pmfih. 

We here see that tliere is no Q«ed Xo separate single poire, as man 
do«, whan he methodically improves a breed ; natural selection Drill 
preaerre ftnd thns separate all ihe sapariOT indiridnals, allowing 
tb«B beely to intercross, and will destroy all the inferior indin- 
dnals. By this procen long-oootinaed, which exactly ooneBpoods 
with what I have called onooosciooa aelectian by man, oombined bo 
doubt in a moat important manner with the inherited eflecta of the 
incfcaaed nae of parta, it seems to me ahnoet certain that an ordinair 
hoofad qnadniped might be oonTerted into a giraSe. 

To thia coaolnaiop Mr. UiTart brings forward two ebfedkoL 
Om ii that the increased aisa of the body wonld obvioady reqnifa 

an increaaed siiinilj iiffnil. mil tin iiiilisii il n"ii>j jshHiiiimiI 

od wlwtlMi tba diadnnlagw tiuocB trinng noald oot, in tinci of 
scaraty, mors than counlerbaianoe the adTanugea.* Bnt as tha 
pnfie does artoaUy «urt in large nnmbets is SL A&ica, sad aa 
aooM of the latfcst antdopea in tha WDild, taller than BB ox, abenad 
tb«t^ why shoold we donJA that, aa br as sua is i" ^Ti i> n l. ister- 
mediate gndatiooa could fdmiarly hatw custed tfaaa^ anfaiMtBd m 
BOW to aarae deutha. Aasondly Ihe beiag able to »■!>. at aaeh 
aMga of inoeaaed sin, Ut a so^ily <tf food, leA DMoiiched hy the 
other boofad qoadnqteds of the ooontiy, wuoU have been of mm 
ad>«niaet to tha nascent piaffa. Ufa innst w« ovwiook tha bet, 
that incfeaaed balk would act aa a {ntoctka i^iiBi) almact aB 
fcwrti of lacy exeeptiBK the fion ; aad agamst thk aaifaBal, ita tall 
" " ~ yVi^ 
kia6 




toaa. Tha imawaliM t< aack spadM CBB iB«dr be d 

I7 say ooe adnUac^ bat hy tba nuBB «f an, pm aiad )■■■. 

He Himt tbM aab (lad tUa b Ua aeoad otJMtiaaX if Mtai*! 
Kir etiiB be » p olM t , and if high h wsMf be so pmtt wk mha^ 
taf^ why baa ast any etbcr hotled nii1ia|sd aegMid a kng brI 
SMl kfty bMbm, fceridea Oa ^d^ a^ n a kanr AvM, At 




I member of lie group aajnired a long proboscis? With regjject lo 
8. Africa, whioh WHS formerly inhabitcl by minierons beide of the 
' piaSb, the HDEwer ta not difficult, and caa best be given by an 
I BlDstmlion. la every meadow in Ea|;land in which trees grow. 
Bee the lower bninches trimmed or planed to aa exact level by 
ttie browsing of the horses or c&ttle ; and what sdvantage would it 
be, for instance, to Bheep, if kept titcre, to acquire slightly longer 
necks? In every district some one kind of animal will almost 
MTiainly be able to browse higher than the others; and it is almost 
•qually certain that this one kind alone codM have its neck 
elongated for this purpose, through natural selection and the effect* 
of increased use. Id S. Africa the competition for browsing on the 
higher branches of the acaciaa and other trees must bo between 
' praffe and giraffe, and not with the other ungulate animals. 

^Vhy, in other qnnrters of the world, various animals belonging 
to this same order have not acquired either an elongated neck 
or a probuticis, cannot be distinctly answered ; but it is as un- 
reftsonabla to expect a distinct answer to such a question, as 
why ume event in the history of mmikiDd did not occur in one 
eonutry, whilst it did in another. We are ignorant with respect to 
the conditions which determine the numbers and range of each 
i^ies; and we cannot even conjecture what changes of structu<e 
would be favourable to its increase in some new conntry. We can, 
however, see in a general maimer that various causes might have 
interfered with the development of a long necX or proboscis. To 
reach the foliage at a considemble height (withoot climbing, for 
which hoofed animals are angularly ill-constructed) implies greatly 
bcreued bulk of body; and we know that some areas support 
dngnUrty few large quadrupeds, for imUnce 3. America, thot^gh it 
is so luxoriant ; whilst S. Africa aboimds with them to an un- 
jwralleled degree. Why this should be so, we do not know ; nor 
why the later tertiary periods should have been roach more favour- 
able for their existence than the present time. Whatever the 
causes may have been, we can see that certain districts and limes 
would have been much more favourable than others for the develop- 
ment of so large a quadruped as the giraffe. 

In order that an animal should acquire some structure specially 
and largely developed, it is almost indispensable that several other 
parts should be modified and eo-odapted. Although every port ot 
the body varies slitihtly, it does not follow that the necessary parte 
should always vary in the rif-'hl direction and to the right d^reo. 
With the different sjiecies of onr domesticnti'd animals we know 
that the puts vary in s dificrent niiumer and degree; and that 
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Bome apeciea are much more ToriaWe thau others. Even it the 
(itting variutioDB did iiriec, it does not follow that natural Belection 
■would be able to act on them, and produce a Btnicture which ap- 
parently would be beneficial t» the Bpeciea, For instance, if tho 
number of indiciduala eiistiiig in a country ia determined chiefly 
through destruction by beasts of prey, — by external or internal 
parasites, &c., — as seems often Ui be the case, then natural aetection 
will be able to do little, or will be greatly retarded, in modifying 
any particular structure for obtaining food. Lastly, nntnral selec- 
tion is a slow proceas, and the same favourable conditions must 
long endure in order that any marked effect should thus be pro- 
duced. Except by assigning such general and vague reasons, we 
cannot explain why, in many quarters of the world, hoofed qnadni- 
peda have not acquired much elongated necks or other means for 
browMUg cu the higher branches of trees. 

Objections of the same nature as the foregoing have been advanced 
by many writers. In each case various causes, besides the general 
ones just indicated, have probably interfered with tbo acquisition 
through natncal selection of stmcturea, which it is thought would be 
beneficial to certain species. One writer asks, why has not the 
ostrich acquired the power of flight? But a moment's reflection 
will show what an enormous supply of food would be necessary to 
give to this bird of the desert force to move its huge body through 
the air. Oceanic islands are inhabited by haia and seals, but by no 
terresLriol mammals ; yet as some of these bats are peculiar speciw, 
they must have long inhabited their present homes. Therefore 
Sir C. Lyell asks, and assigns certain rraisons in answer, wby hare 
not seals and bats given birth on such islands to forms fitt«d to 
live on the land ? But seals would necessariiy be first converted 
into terrestrial carnivorous animals of considerable size, and bnta into 
terrestrial inseotivorous animals ; for the former there would be 
no prey ; for the bats ground-Insects would serve as food, but 
these would already be largely preyed on by the reptiles or birds, 
which first colonise and abound on most oceanic islands. GradatianB 
of structure, with each stage beneficial to a changing species, will 
be favoured only under certain peculiar conditions. A strictly 
terrestrial animal, by occasionally hunting for food in shallow 
water, then in streams or lakes, might at last be converted into an 
animal so thoroDghly aquatic as to brave the open ocean. But seals 
would not find on oceanic islands Ihe conditions favourable to their 
gradual reconversion into a ttrrostrial form. Bats, as formerly 
ahown, probably acquired their winga by at first gliding through 
the air from tree to iroe, like the so-called flying-squirrels, 
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fiff the sake of escaping liom tbeir enemies, or for tiToiding tMB ; 
Imt whea iho power of troe tlight bod oDce been acquired, it would 
led back, bL Icaat for thu above purposes, inlo the 
iMt efficient powt'r of gliding through the nlr. Bate mlgbt, indeed, 
I many birds, have had iJieir irings groatlj' reduced in t'xe, or 
ipletely loat, through disuse; but in this case it would be 
that tiiuy ihunld first have acquired the power of running 
qnicklj on the ground, by the aid of their hiud 1^ alone, so as to 
ith lirds or other ground animals ; and (or such a chaugc 
% bat seems siugularly ill-fiited. These conjectural remarks have 
been made merely to show that a Irausitioo of structurt^ with each 
iltep benoQcial, is a highly complex affair; and that there Is nothing 
range in a transiCioD uot baring occarred iu any particular case 
Lastly, more than one writer has asked, why have some animals 
lurd their mental powers more highly developed than others, as such 
deTslopment would be advantageous to all ? Why have not apes 
acquired the intellectual powers of man ? Various causes could be 
but OS they aro conjectural, and their relative probability 
LmiDot be ireighed, it would be uaeleu (o give them. A deMu 
rer to the latter question ouj^t not to be expected, seeing that 
like CAn solve the simpler problem why, of two races of sav^es, 
hss risen higher in the scale of civilisation than Ihe other ; and 
tlkii ■pptrently implieji increased brain-power. 

We will return to Mr. Uivart's other objections. Insects often 
ntnnUe for the sake of protection various objects, such as green or 
dsMyed lekvea, dead twigs, bits of lichen, floweti, spines, excrement 
of biids and living insects ; but to this latter point 1 shall here- 
»iba near. The resemblance ia often wonderfully close, and is not 
confined to colour, but extends to form, and even to the manner in 
which the insects huld themselves. The caterpillars which project 
motionless like dead twigs from the bnslies oa which they feed, 
offer an excellent instance of a resemblance of this kind. The 
cases of the imitation of such objects as the excremei^t of birds, are 
rare and exceptional. On this head, Mr. Mivart remarks, " As, 
according to Mr. Darwin's theory, there is a constant tendency to 
indefinite variation, and as the minute incipient variations will be 
in ail dirediont, they must tend to nentrallM each other, and at 
flrst to form such unstable modifications that it is difficult, if not 
imposMble, to see how such indefinite oscillations of iofinitesiniBl 
beginnings can ever build up a suEoiently appreciable resemblance 
to a loaf, tomboo, or uther object, fbi Katurat Selection (□ aeiie 
upon sod |ier[etuat&" 
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But in oU the foregoing casea tha insects in tlieir original state 
no doubt presented mane rude and incidental resemblance to an 
object commonl; found iu the BlationB frequented by tliem. Nor 
is this at all improbable, consideiini: the atmoat inGnltu number of 
Buirounding objects and the diveieity in form and colour of the 
hosts of inaocts which exist. As some rude resemblance is ncces- 
eajy for the first start, we chq iinderatiind how it ia that the larger 
and higher animali do not (with the exception, as far as I know, of 
one fiah) resemble for the sake of protdction special objects, but 
only the surface which commooly surrounds them, and this chiefly 
in colour. Assuming thai an insect originally happened to resemble 
in some degree a dead twig or a decayed leaf, and that it varied 
slightly in many ways, then all the variations which rendered the 
insect at all more like any such object, and thus favoured its esc*]*, 
would be preserved, whilst other variations would be neglected and 
ultimately lost; or, if thej rendered the insect at all leas like the 
imitated object, they would be eliminated. There would indeed be 
force in Mr. Mivart's objection, if we were to attempt to account 
for tha above resenibUncea, independoutly of natural selection, 
through mere fluctualiog variability; but as the case stands there 

Kor can I see any force in Mr. Mivart's difficulty with respect to 
" the last touches of perfection in the mimicry ;" as in the ease 
given by Mr. Wallace, of a walking-atick insect (Corojtylus 
laceratue), which resembles "a stick grown over by a creeping 
moss or jungcrmnnnja." So close was this rescmblince, that a 
native Dyak maintained that the foliacvoua excrescences were really 
moss. Insects are preyed on by birds and other enemies, whose 
sight is probably sharper than ours, and every grade in resemblance 
which aided an insect to escape notice or detection, would tend 
towards its preservation; and the more perfect the resemblance so 
much the better for the insect. Considering the nature of the diSer- 
encos between tha species in the group which includes the above 
Coroxylus, there ia nothing improbable in tliia insect having varied 
in tha irr^ularities on its surface, and in these having became more 
or less green-coloured ; for in every group the characters which 
differ in the several species are the most apt to vary, whilst 
generic chantclets, or thuse oammon to all the species, are thi 
constant. 

The Greenland whale is one of the most wonderful animals 
world, and the baleen, or whale-hone, one of its greatest pecu- 
liaritiea. The baleen cunaista of a row, on each aide, of the oppgr 
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Jbw, of about ilOO plates or lamiTm, wbicli Etani clriHi together 
tnnsverselj to tha longer asis of the mouth. Within the main row 
there arc some Hubsidisjj rows. The extremities and inner margiaa 
«f all the [ilules are frayed into stiff bristlea, which clolhe the vbole 
g^antic palat«, and serre to etrun of sift the water, and thus to 
•Mure the minute prey on which these great animals subsist The 
middle and longest lamina in tha Greenland whiile is ten, twelve, or 
•ren fifteen feet in length ; btit in the dllferent species of Cetaceans 
tk«re are gradutiona in length; the middle lamina being in one 
tpecies, according to Scoresby, four feet, in another three, in 
•DOtber eighteen inches, and in the IlnliEnoptera roatiata only about 
Bine inches in length. The quality of the whate-boiic bIso differa in 
llie different species. 

With respect to the baleen, Mr. Mivart remarks that if It "had 
ODce attained sdch a size and development as li? be at sU naeful, 
then ita preservation and angmentAtion within serriceabla limits 
VDUld be promoted by natural i!cli'ction alone. But hon to obtain 
the beginning of such useful development?" In answer, it may 
be uked, why ahould not the early pro^nitors of tJie whales with 
Ueen have possessed a mouth constructed something like ths 
bnnellated beak of a dnck? Ducks, like whales, subsist by sifting 
the mud and water; and the family has sometimes bcm called 
Criilaloru, or sifters. I hope that I may not be miBconfltmed Into 
•■ying that the progenitors of whales did actually posseaa months 
lunellated like the beak of a duck. I wish only to show that this 
la not incredible, and that the immense plates of baleen in the 
OrecnUnd whale might have been developed from such lamelln by 
finely gtadiinted slepa, each of service to its posKSSor. 

The beak of a shoveller-duck (Spatula clypcat.i) is a more beau- 
tiful and oomplez structure than the mouth of a whalo. llie upper 
mudible is furnished on each »idr (in the specimen examined by 
mc) with a row or comb formed ot 188 thin, elastic lametlie, 
oWiqoely bevflUd so as to be pointfd, and placed transversely to 
the longer axis of the mouth. They arise from the palate, and are 
•tt«chcd by fiexjble membrane to the sides of the mandible. Those 
standing towards the middle are the longest, being ahont one-third 
of sn inch in length, and they project '14 of an inch beneath the 
edge. At their bases there is a short subsidiary row of obliquely 
tiansrerHi lamellie. In these several respects they reacroble the 
plates of baleen in the mouth of a wWe. But towards the 
ily of the beak they differ much, as they project inwards, 
of straight downwards. The entire head of the shoveller, 
though incomparably less bulky, is about oae-eighteenth of the 




length of the head of a moiJoratdj lugs BalffiDopteca rosirata, in 
which species the haleea la ouly nioe inches long ; so that If «e 
were to make the head of the shoveller as loog as that of the 
Bahcuoptera, the Ismelho would be six inches in leDglh, — that is, 
two-thirdg of the length of the baleen ill this species of whole. The 
lower mandible of the shoveller-duck is furnished with lameUx oF 
equal lenglh with those above, but Oner; and in being thus fur- 
nished it difleiB conspioiLoasly from the lower jaw of a wbale, which 
is destituta of baleen. On the other hand, the extremities of theae 
lower lamelliB are frayed into fine bristly points, so that they thua 
curiously resemble the plates of baleen. In the gcnos Prion, a 
member of the distinct fiimily of the Petrels, the upper mandible 
alone is furnished with lamells, which are well developed and 
project beneath the margin ; so that the beak of this bird resemble* 
in this respect the mouth of a whale. 

From the highly developed structure of tie ohoveUer'a beak we 
may proceed (as I have ieomt from information and specimens sent 
to me by Mr. Salvin), without any great break, as for as fitness for 
sifUng is concerned, through the beak of the Merganetta armata, and 
in some respecU through that of the Ai: sponsa, to the beak of the 
OommoQ duck. In this latter species, the lamcllic are much coarser 
than in the shoveller, and are firmly attached to the sides of the 
mandible ; they ore only about 50 in number on each side, and do not 
project at all l>eacath the moi^n. They are square-topped, and aro 
edged with tronalucoot hardlsh tissue, as if for crushing food. The 
edgw of the lower mandible are crossed by numerous fine ridges, 
which project very littla Although the beak is thus Tery inferior 
as a sifter to that of the shoveller, yet this bird, as every one knows, 
constantly osea it for this purpose. There are other species, as I 
beat from Mr. Salvin, in which the lamella! are considerably L 
developed than in the common duck ; but I do not know w~ 
they use their beaks for sifting the waler. 

Turning to another group of the same family. In the E 
goose (Chcnolopoi) the beak closely resembles that of the ci 
duck ; but the lamellie are not so numerous, nor so distluct from 
Bach other, oor do tbey project so much inwards ; yet this goose, is 
I am iuformed by llr. E. Uartlutt, " uses its bill Uke a duck by 
throwing the water out at the corners." Its chief food, however, is 
grass, which it crops like the common goose. In this latter bird, 
the lamoUos of the upper mandible are moch coarser than in the 
commou duck, almost confluent, about 27 in number on oaclt 
■ide, and terminating upwards in teeth-like knobsL Tbe palata H 
also covered nith hstei rounded knoba. Tho edges of tlte L 
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mandible are serrated with teeth mocb mote prominent, ccmrser, 
and shajpec than in the duck. The commoQ goose does not sift the 
Wftler, but uses its beak exctusivuly fi: r tearing or cuttinr^ herbage, 
for which piirpoao it is so well fitted, that it can cro)' gnus closer 
than almost any other animal, llieru aro other apecicB of geese, as 
I hear bom Mr. Bortlc-tt, in which the UmollEe am less developed 
than in the common goose. 

We thus see tliut a member of the duck family, with a beak 
constructed like that of the common goose and adnpted solely for 
grazing, or even a member with a beak having less well-developed 
lainellffi, might he converted by small changes into a species lilie 
the Egyptian, goose, — this into one like the common duck, — and, 
lastly, into one like the shavelti'r, provided with a beak almost 
exclusively adapted for sifting the water ; for this bird could hardly 
use any part of its beak, except the hooked tip, for seizing or tearing 
■olid Ibod. The beak of a goose, as 1 may add, might also be con- 
TCtrted by small changes into one provided with promineut, recurved 
teeth, like those of the Moi^anset (a member of the same family), 
' jgrriag for the widely differaiit purpose of seeming live Sab. 

Betuming to the whales. I'he Iljperoodon bidcns is destitute of 
a teeth in an efficient condition, but its palate is roughened, 
cording to lAcepede, with small, unequal, hard points of horn. 
{"^lere is, therefore, nothing improbable in Huppoalng that some 
nly Cetacean form was provided with similar points of horn on the 
l^^te, but rather more regularly placed, and which, like the knoba 
Km the beak of the gouae, aided It in seining or tearing its food. If 
>, it will hardly he denied that the points might have been cou- 
l-nited through variation and nutnml selection into Ismclhe as well- 
developed as those of the Egyptian goose, in which case they would 
have been used both for seizing objects and for sifting the water ; 
then into lamella like those of the domestic duck ; and so onwards, 
until they became as well constructed as those of the shovdler, In 
which case they would have served exclusively as a sifting ai>pii- 
ntns. From tliis stage. In which the Lomelln would bo two-thirds 
of the length of the plates of baleen in the Balienoptera rostrata, 
gradations, which may be observed in stUl-eiisting Cetaceans, lead 
ui onwards to the enormous plates of baleen in the Greenland 
whale. Nor is there the least reason to doubt that each step in 
Uiia scale might have been as serviceable to certain ancient Ccta- 
eeans, with the functions of the p«rts slowly changing during the 

Eress of development, as are the gradations in the beaks of 
different existing members of the duck-family. We should 
in niind that each species of duck is subjected Iv a sevEre 
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■truggle for eiisteQce, and that the structure of eveiy part o 
'bame moat be well adapted to its conditioos of life. 

The PleuronectidEG, or Flat-fish, are remarkable for their ai 
metrical bodies, llie; re»t on one side, — in the greater number of 
species on the left, but in some on the right Ride; and occasiouiUj 
reversed »dult specimens occur. The lower, or resting-aurface, r»- 
Bemblea at first sight the ventral surface of an ordiniuy fiab : it is of 
a white colour, less developed in many ways than the upper side, 
with the lateral fins often of smaller size. But the eyes offer tha 
most remarkable itecniiarity ; for they are both placed on the oppor 
aide of the head. During early youth, however, they stand oppo- 
site to each other, and the whole body is then symmetrical, with 
both sides equally coloured. Soon the eye proper to the lower side 
begins to glide slowly round the head to the upper side ; hot does 
not pass right throagh the sliaU, as was formerly thought to be 
the case. It is obvious tliat unless the lower eye did thua travel 
round, it could not be tised by the fish wliilst lying in its habitual 
position on ono side. The lower eye would, also, have been liable 
to be abraded by the sandy bottom. That the PlouroneotiJw are 
admirably adopted by their flattened and asymmetrical struchirB 
for their habits of life, is manifest from several species, snch as 
■oles, floundtrs, ftc, being eitromely common. The chief ad- 
vantages thus gained seem to be protection from their enemies, 
■ud facility for feeding on the ground. The different members, 
however, of the faniily present, as Schiiidte remarks, "a long series 
of forms exhibiting a gradual transition from Hippoglossus pioguis, 
which does not in any considerable degree alter the shape in which 
it leaves the ovum, to the soles, which are entirely thrown to one 
«idu." 

Mr. Mirart has iakea up this case, and remar1;s that a sndden 
spontaneous transformation in the position of the eyes is hardly 
conceivable, in which I quite agree with him. He then adds : "if 
the transit wojs gradual, then how euch transit of one eye a minnM 
fraction of tlie journey towards the other side of the head could 
benefit the individual is, indeed, lar from clear. It seems, pven, 
that such an incipient tranaformation must rather have been fnjo- 
riouB." But he might have found an answer to this olijection in 
the eioellent observations published in IS67 by Malm. Ths 
PleuronectidiB, whilst very yoimg and stUl symmetrical, with their 
eyes standing on opposite sides of the head, cannot long retain 
a vortical position, owing to the eieediuve depth of their bodio«, the 
email siM of their lateral fioa, and to their being destitute of o 




Bwimbladder, Hence soon growin; tired, tlioy fall to the bottom 
on one Bide. WbiUt tbuB at rest tiie; ofCcD twist, as Klalm 
oUorred, ths lower eje upwards, to see above lliem ; and tbey 
do this BO vigurouslf that tbc eye is pressed hard ngaiuat the 
Tipper purl of the orbiL The forehead between the oyea conae- 
qiieutl; becomes, as cauld bo plaloly seen, temporariij cootracted 
io breadlh. Oa one occaiiioii Malm saw a young fiah raise and 
depress the lower eye through an angular distance of about seventy 
degrees. 

We should remember that the akuli at this early ago is caitHa- 
ginooa and flexible, so that it readily yields to muscniar action. 
It is also boowD witb the higher animals, even after early youth, 
that the skull yields and is altered in shape, if the akin or muscles 
be permaneatly contracted through disease or some occideut With 
long-eared rabbits, if one ear lopa forwards and downwards, its 
weigbt drags forward all the bones of the skull on the eame aide, ot 
wbioh 1 have given a figure. Malm staUs that the newly-batobed 
young of perches, salmon, and several other symmL'trical fishes, 
bare tho hibit of occasionally resting on one side at tho bottom ; 
and he has observed that they often then strain their lower eyes 
so OS (41 look upwards; and their skulls are thus rendered rather 
crooked. These fishes, however, are soon able to hold themselves 
in a vertical position, and no permanent effect is thus produced. 
With the Fleuronectidro, on the other hand, the older they grow 
the more habitually they rest on one aide, owing to the increEwing 
flatness of their bodies, and a permanent effect b thus produced on 
the form of the head, and on the position of the eyes. Judging 
from analogy, the tendency to distortion wonld no donbt be 
iocrcased through the principle of inheritance. Schiiidte believes, 
in opposition to some other naturaliata, that the Pleuranectidte are 
not quite symmetrical even in the embryo; and if this bo so, wo 
cuuld understand how it ia that certain species, whilst young, 
haUtually (all over and rest on tho left side, and other species on 
the ri^ht side. Malm adds, in confirroation of the above view, that 
the oduit TrachyptrruB arcticus, which is not a member of the 
Fleuronectidse, rcsls on its left side at the bottom, and swims 
diagonally through the water ; and in this fish, the two sides of the 
head are said to be somewhat dJEsimilor. Our great authority on 
Fishes, Dr. Giiutber, concludes his abstract of Malm's paper, by 
remarking that " the author gives a vary simple explanation of the 
abnormal condition of tho Plouronectoids." 

We thus see that the first stages of the transit of the eye from 
one ude of the head to the other, which Mr. Mivart considers wouJd 
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be injurious, taaj be attributer) to tlie habit, no doabt bene- 
ficial to tbe iadividuiil and to the species, of endeavouring to 
look iipwa.rda with both eyes, whilst rcEting on one side at the 
bottom. We ma; also Bttiihut« to the inherited eOecla of use 
tbe fact of the mouth in several kinds of flat-fish being boat 
towards tbe lower aur[aco, with the jaw bones stroDger and more 
efTective on this, the efeVess side of the head, than oa tbe other, 
for the sake, aa Dr, Traquair supposes, of feeding with ease on the 
ground. Disuse, on the other hand, will account for the less dsTe- 
loped condition of the whole inferior half of the body, including ihe 
lateral fins ; though Tarrell thinks that tbe reduced size of tbese 
fins is advautagcoua to the Ssb. as " there is so much less nxmi for 
their action, than with the larger Qns abovo." Perhaps the lesser 
number of teeth in the proportion ot four to seven in the opper 
halves of the two jaws of the plaice, to twentf-five to thirty in the 
lower halves, may likewise be accounted for by disuse. fWm the 
colourless state of the ventral aurface of most Gsbes and of m&ny 
other animals, we may reasonably suppose that the absence of 
cotom* in fiat-fish on the side, whether it be the right or left, 
wUcIi is undermost, is due to the exclusion of light. But it can- 
not be supposed that the peculiar speckled appearance of the upper 
nde of the sole, so like the sandy bed of tiio sea, or the power in 
some spocies, as recently shown by Poucbet, of changing theit 
oolour in accordance with the surrounding surface, or the preseiuw 
of bony tubercles on the upper side of the turbot, are due lo the 
■ction of the light. Here natural selection has probably oome into 
play, as well as in adapting tbe general shape of the body of (heaa 
fishes, and many other peculiarities, to their habits of life. We 
should keep in mind, as I have before insisted, that the inherited 
efiects of ths increased use of parts, and perhaps of their disuse, will 
be strengthened by natural selection. For all s|<ontaneous Taria- 
tions in the right direction will thus be prest^rvcd ; as will those 
individuals which inherit in the highest degree the effects of the 
increased and beneficial use of any part How much to attribute in 
each partifolar case to the eSects of use, and how much to nntunU 
selection, it seems impossible to decide. 

I may give another instance of a structure which apparently own 
its origin exclusively to use or habit. The extremity of the tail in 
some American monkeys has been converted into a wonderfully 
perfect prehensile organ, and serves as a fifth hand. A reviewer 
who agrees with Mr. Mivart in every detail, remarks on Ibis strao- 
ture : " It is impossible to believs that in any number of ages the 
flrsl slight incipient tendency to grasp could preserve the irm ot 
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the indmdnale poasosaing it, or favour t)ioir cbance of hHTiii)! ftiid 
of rearing offspriDg." But there is do Dccessily for any such belii:f. 
Habit, and this almoat implies tbat some benefit great or small is 
thus derived, would in ftll probability sufTice for the work. Brelim 
saw the ifoung of an African monkey (Corcopithecua) clingiug to 
the a&der surface of their mother by their hands, knd nt the same 
ume thej booliod their little tails round that of their mothi^r. 
Professor Hi-nsbw kept io coiifiuement some harvest mice (Mm 
messorios) which do not possess a struct^irally prebensilo tail ; bnt 
be frequently observed that they curled their tails round the 
branches of a bush placed in the ca^e, and thus aided themselves 
in climbing. 1 have n^eivcd on analogous account from Dr. 
GBnther, who haa seen a mouse tlins suspend itself. If the harvest 
mouse bad been mora strictly arboreal, it would perhaps have had 
it* tail rendered structumlly prehensile, as is the case with soma 
members of the same order. Why Cercopilhecus, considering ila 
habits whilst young, has not become thus provided, it would be 

I difficult to say. It ia, however, possible Ihat the long tail of this 
BoDkey may be of moro aervice to it as a balancing org&n in 
tnaking its prodigious leaiw, than aa a prehensile organ. 
: 



The mammary glnnda are common to the whole clsas of mam- 
e indispensnble for their eiiatence ; they must, tQere- 
RAn, have been developed at an extremely remote period, and we 
Q know nothing positively about their tnanuer of dcvetopment, 
r. Hivart asks : " Is it conceivable that the young of any animal 
I* ever saved from deetruction by accidentally sucking a drop of 
f-aearcely nutritious fluid from an accidentally hypertrophied cuta- 
neous gland of its mother? And even if one nas so, whnt chnnce 
was there of the perpetuation of such a variation ?" But the case 
is not here put fairly. It ia ailmitted by moat evolutionists that 
mammals are descended from a marsU]>iBl form; and if so. the 
mammary gUnda wiU have been at Grat developed within the mar- 
•npisLl sack. In the cose of the fish (llip;)Ocampus) the e;!gs are 
hatched, and the youn;; are roared for a time, within a sock of tliit 
nature ; and an American naturalist, Mr. Lockwood, believes from 
what he has seen of the development of the young, that ihey ars 
nourished by a secretion from the cutaneous glands of the sack. 
Now with the early progenitors of mammals, almost befuni they 
deserved to be thus designated, is it not at legist (lossible that the 
yonng might have becu similarly nuuHshed? And b this case, 
the individuals which set-reti'd a fluid, in some ilegreo or manner 
the most nutritious, bo as to partake of the nature of milk, would 
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in the long run have reared a larger nnmbec of well-nonrished off- 
spring, than would Ihe indiriduala which aecreled a poorer fluid; 
ftnd thus the autanaous glands, which are the homola^es of the 
mammary glaads, would have been improved oi rendered man 
effective. It accords with the widdy extended principle of epeciall- 
Mtion, that the glanda over a certain apace of the sack ahould have 
become more highly developed thao the remainder ; and they would 
then have formed a breast, but at first without a nipple, aa we see in 
the Ornithorhyncus, at the base of the rnammatian seriea. Throu^ 
what agency the glands over a certain apace became more bigUj 
specialised than tlie otliers, I will not ptetend to decide, whether 
in part through compensation of growth, the effects of use, or of 
nataral selection. 

The development of the mammary glands would have been of do 
iervice^ and could not have been effected through natnral selectioii, 
■ unless the young at the same lime were able to pnrtrihe of the 
r wcretion. There is no greater difficulty in understanding how 
young mammals have instinctively learnt to suck the breast, than 
in understanding how unlialched chickens have learnt to break lb* 
ogg-ahell by tapping against it with their specially adapted boka ; 
or how a few hours after leaving the shell they have leanit to jnck 
up graina of food. In such cases the most probable aotution seemi 
hi be, that the habit was at first acqnired by practice at a mora 
advanced nge, and afttfivards transmitted to the offspring at an 
earlier age. Itut the young kangaroo is smd not to suck, only to 
cling to the nipple of its mother, who has the power of injecting 
milk into the mouth of her helpless, balf-fonned offspring. On this 
bead Mr. Mivart remarks : " Did no special provision exist, the 
young one most infallibly be choked by the intrusion of the milk 
into the windjiipe. But there u a special provision. The Uryitx 
is so elongated that it rises np into the posterior end of the nasal 
passage, and is thus enabled to ^ve free entrance to the air for the 
lungs, while the milk passes hannltasly on each side of this elon- 
gated taryni, and bo safely attains the gullet behind it." Nr. Mivart 
then a&ks how did nataral aeleciion remove in the adult kangaroo 
(and in moet other mammals, on the assumption that they ate 
dwoended from a marsupial form), " this at least perfectly innocent 
■nd tuumlesB structure?" It may be suggested in answer that the 
umce, which is certainly of high importance to many animals, could 
hardly have been nacd with full force as long as the laryim entered 
the nnsal (xiasage ; and Professor Flower has siiggested to r 
this slnieture would have greatly interfered with ai 
ing aoUd (boil. 
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Wo will now turn for a short space to tho loner divisions of Ihe 
ooitDiil kingdom, llio Ecbiuudermaia (siar-fislivs, aca-uniliins, &c.) 
are ruruiBlied with remarkablu orgmis, called pcdicdllariie, which 
consial, when well dsTeloped, of a tridiielyie forcoi* — that is, of one 
formed of three eemiCed arms, neatly fitting togc^thtr and plncud ou 
the summit of a flexible st«oi, moved hy muscles. These forceps 
can KIM firmly hold of any object; and Alexander Agasslz bai 
■ceu an Ekhinus or kea-urchin rupidly passing particles of excrement 
from forceps to foroepe down ceriain lines of its body, in order that 
its shell should not be fouled. But there is no doubt that besides 
removing dirt of all kinds, they lubserve other functions; and one 
of these apparently is defence. 

With respect to these organs, Mr. Mivsrt, as on so ninny pre- 
vious occasions, asks : " What would be the utility of the JirtI 
rtidimtmtary begirtningt of such structures, and how could such 
incipient buddings have ever proMrved the life of a single Echinus?" 
He adds, " not even the tuddea development of the snapping action 
could have been boneGcial without the freely moveable stalk, nor 
could the latter have been cfBcicnt without the snapping jaws, yet 
no minute merely indefinite variations could simultaneously evolve 
these complex co-ordinations of structure ; to deny this seems to do 
no less than lo afiinn a startling paradox." Paradoxical as this 
may appear to Mr. Mivart, tridactyle forcepset, immovablj fixed 
«t the base, but capable of a sDapjung action, oertaiuly exist on 
some atar-fishes; and this is intelligible if they serve, at least in 
{lart, OS a means of defence. Mr. Agassiz, to whose g^reat kindness 
I am indebted for much information on the subject, informs me 
that there are other star-fishe.'i, in which one of the three arms of 
the forceps is reduced to a support for the other two ; and again, 
oiher genera in which the third arm is completely lost. In E^bino- 
neas, the shell is described by M. Perrier as bearing two hinds of 
pedicellsria, oue resembling those of Echinus, and the other those 
of Spatangus; and such cases are always interesting as affording 
of apparently sudden transitions, through the abortion of 
of the two states of an organ. 

With respect to the steps by which these curious organs have 
evolved, Mr. Agassiz infers from his own reaoarches and those 
of MUller, that both in star-fishes and aea-urchins the pedicellariie 
must undoubtedly be looked at as modified spines. This may be 
infmed from their manner of development in the individual, oa 
well as from a long and perfect scries of gradations in diETenait 
species and genei^ from simple granules to ordinary spines, to 
perfect tridactyle pedicellariiB. The gradation extends even to 
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tbe manner in whicb ordinary spines ftnd the pedicellarin wtth 
their supporting calcareous ruAs are Biiicuiated to the slielL la 
certaio genera of star-fiahos, "the very combtnatioiis Deeded to 
ghow that the pedicellaris are only modified branching spinet'* 
may be found. I'hus we have fixed spinca, with three equi-ilistant, 
eerrated, rooTcalile branches, articulated to near their boaea ; and 
higher up. on the aanie spine, three other moveable braachea. 
Now when the latter arise from the summit of a spine they form 
in fact a rude tridactyle pedicellaria, and such may be »een on the 
Baroe G[>iRe together with the thtee lower braDchea. Id this case 
the ideutity in nature between the arms of the pedlcellarife and the 
moveable bramhos of a spine, is nnmistakeable. It is generally 
admitted that the ordinary spines serve as a protection ; and if so, 
there can be no rennon to doubt that those furnished with semttii 
and moveable branches likewise serve for the same purpose ; and 
they would thus serve still more eEfectively as sooa as by meeting 
together they acted as a prehensile or snapping a^iparatus. Thtii 
every gradation, from an ordinary fixed spine to a fixed pedicellaria, 
wotild be of service. 

In certsiu gcDcra of Btar-fishes these orgsru, iiut«Ad of being 
fixed or borne on an immovable sapport, are placed on the summit 
of a flexible and muscular, though short, stem ; and in this cue 
they probably subserve some additional function bewdes defence. 
In the eea-archina the steps can be followed by uhich a fixed spine 
becomes articulated to the shell, and is thus rendered moveablo. 
I wish I had space bore to give a fuller abstract of Mr. Agassii'i 
interesting observationa on the developm<^nt of the pedicellaiix. 
All possible grailntions, as he adds, may likewise be found between 
the pedicellariie of the star-fishes and the hocks of the Ophiuriana, 
another gronp of the Echinodermata ; and ag.iin between the pedi* 
CGllarin of sea-urchins and the anchors of the Uolothuriie, liaa 
belonging to the same great class. 

Certain compound animals, or xoophylea as they hare been 
termed, namely the Polyzoa, are provided with curious organs 
called avicularia. These dilfer mach in structure in the different 
species, In their meet perfect condition, they curiously reaemblo the 
head and beak of a vulture in miniature, seated oo a neck aod cap- 
able of movement, as is likewise tbo lower jaw or mandible. In one 
s|iecies obsem.'d by me all the avicularia on the same branch often 
moved simultaueoiisly backwards and foi'wards, with the lower 
,iaw widely open, through an angle of about iK)°, in the coum ol 
five secundsj and their movement caused tfae whole polyroBij to 



Chap. VII.] THEORY OF NATUR.\L SELECTIOS. IPS 

tremble. When the jaws Hre touched H-iih a needle ihey seize it 
ao finnlf that the hrancli can that be shaken. 

Mr. Uivart adduoM this case, cbicfl}' on accocnt of tbo BUpposod 
difficulty of organs, natncly the avicularia of the Polyzoft and the 
pedicellanai of the Echiuodermala, which he coiuidera u"('bs(>d- 
tully siinilar," LuviDg been daveloped through nBtuniJ aclectioD in 
widely distiocl divisiuns of tbo animal kingdom. Bot, bb far he 
Ktmcture is coDcemed, I can seo no Bimilarity between tridaclyle 
pedioellarieB aod aricniaria. The latter resemble somcwbal more 
elosely the cheite or |>incors of Crustaceaais ; and Mr. Mivart might 
iuve adduced with equal appropriutencsa thU n.'semblance as a 
special difficulty-, urevcu tbeir rcEemblance to the head and bcnk 
of a bird. The avicularia arc believed by Mr. Busk, Dr. SmJtt, !Ui<! 
Dr. Nitachc — natunUlsts who have carefully studied this group — to 
be homologous with the Eooida and their cells which compoee the 
soophyte ; the moveable Up or lid of the cell correspondiag with the 
lower and movoabie mandible of the aviculwiom. Mr. Busk, how- 
ever, does not know of any gradatioos now existing between a zoaid 
and nn aTicularium. It is thewforE innwaaiblo lo Mnjectiirc by 
what serriceable gradations the one conld have been converted into 
the other: but it by no means follows from this that suuh gratia- 
tioQB have not existed. 

&B the cheUe of Crustaceans resemble in some degree the avicn- 
laria of Folysoa, both scrviug as piucers, it may be worth while to 
show that with tbo former a loog series of eervioeablo gradations 
still exists. In the first and simplest stage, the terminBl segment 
of L limb shnts down either on the sqnnre summit of the broad 
penultimate segment, or against one whole side ; and is thus enabloi 
lo catch bold of an obj(«t ; but the limb still serves as an organ 
of locomotion- We next find one comet of the bmad penultimate 
s^ment slightly promineut, sometimes furnished with irregalor 
teeth ; and against these the terrolDal segment shuts down. By ati 
increase in the size of this projection, with its shape, as well as that 
of the terminnl segment, sli^fatly roodiSod and improved, the pincers 
are rendered more and more perfect, until we have at last an instru- 
ment ax efficient as the chclto of a lobster; and all tliese gradations 
can be acttudiy traced. 

Besides the avicutsria, the Pulyzoa possess curious organs called 
ril'racula. These gcnonlly consist of long bristles, capnblu of 
movement and easily excited. In one species examined by me 
the Hbracula were slightly curveii and sermted along the outir 
niv^n ; and all of tlierii on the same [>olyionry often moved siniul- 
lunoously i so that, hcIiu^ like louf; uors, they swept a branch rapidly 




acioss the object-^laes of ray roicroscope. When a bniiich waa 
plnced ou ita (ace, the vibrecula became eutimgled, unA thej made 
violeot efforlB to free themselveB. They are suppostxl Ui serre a* 
a defence, and may be seen, as Mr. Uiuk remarks, " to emep 
■lowly aad carefully over the surface of the polyzoary, remoTing 
what might be noitoua to the delicate iuhabitaats of the cells when 
their teotacuht are protruded." The aTicnlsria, like the vibracola, 
probably «erve for defence, but they also catch and kill small living 
auiraale, which it is believed are afterwarda swept by tlie cnrrenu 
within reach of the tentacula of the Eouids. Some spcoiea arc 
provided with avicularia and vibracula ; some With nvicularia alone, 
and a few with vibracuhi alone. 

It is not easy to imagine two objects more widely diflereut iu 
appearaocc than a bristle or vibraculum, and an avicnlariiitu like 
the head of a bird ; yut they are almost certainly homologous and 
have been developed from the same common source, namely a Eooid 
with its cell. Uenco wo cao understand bow it is that theae 
organs grailuate in some cases, as 1 am informed by Mr. Busk, 
into each other. Thus with the avicularia of several Hpecies of 
I«praha, the moveable maodibls is so much produced and is so like 
a bristle, that the preseoce of the ui>per or fixed beak alone serves 
to determiae its avlculariau nature, llie vibracula roay liave been 
directly devaluped from the lips of the cells, without having paased 
tbrongh tlie avicularian stage j but it seems more probable that 
they have paased through this stage, as during the early stages o( 
the transformation, the other ports of the cell with tlie inclnded 
zooid could hardly have disappeared at once. In niauy cases the 
vibracula have a grooved support at the base, which feema to repro- 
Hent the fixed beak; though this support in some 8|<ocies ia quite 
absent. This view of the development of the vibracula, if trust- 
worthy, is interesting; for supposing that all the species provided 
with nvioularia hod become extinct, no one with the nitut vivid 
imagination wouM ever have thoaght tliat the vibracula hod originally 
existed as part of an or^an, resembling a bird's head or an irregular 
boi or hood. It is hitereating to see two such widely different 
organs developed from a common orip;in ; and as the moveable tip 
of the cell serves as a protection to the zooid, there is no difficulty 
la believing that all the gradations, by which the lip became con- 
verted first into the lower mandible of an aviculorium and then 
into an elongated bristle, likewise served as a protection in different 
ways and under different 

In the vegetable hingdi 
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Uiinelr the stnicture of the Bowers of orchiilfl, ami the n 
of climbing plouu;. With re.'jpect to tlie fonner, he says, " the 
axplaualiciD of their origin h deemed thoroughly uosatlsfactory — 
Stcerlj inBufficieot to explnin the incipieot, inSoitesmial beginDi&ca 
tf BtructnrM which ore of utility only when they are considerably 
■ievciopwL" As I have fully treated Ibis subJB«t in another work. 
I will here give only a few det>iils on one alone of the most atriiiin^ 
peoQliaritieB of the fiowera of orchids, namely their pollinia. A 
pollinium when highly developed consists of a masa of pollen-grain!, 
affixed to an elastJc foot-stalk or caudicte, and this to a little ma.'U 
nf extremely viscid matter. The poUinia are by this menna trans- 
ported by insects from one flower to the atigma of anoUicr. In 
•tone orchida there is no caudicle to the poltei^-masses, and the 
_ OS are merely tied together by fine threads; but as tlicse are 
BOt confined to orchids, they need not here be conaiderod ; jet 1 
' mention that at the base of the orchidaceous series, in Cypri- 
pediiun, we can see how the thread'i were probably first developed, 
In other orchids the threads cohere at one end of the poUen-masses; 
■Dd Miis (onos tbs first or nascent trace of n caudicle. That thin 
b the origin of the caudicle, even when of conBiderftble length and 
lighly developed, we have good evidence in the aborled pollen- 
OS which can sometimes be detected embedded within the 
tmtral and solid parts. 

Tith respect to the second chief pccut'.arity, namely the little 
a of viscid matter attached to the end of the caudicle, a long 
aeries of gradations can he specified, each of plain service to the 
plant. In most flowers belonging lo other orders the stigma se- 
es a little viscid matter. Now in certain orchids similar viscid 
matter is secreted, but in moch Itu^er qnantitlea by one alone of 
the three stigmas ; and this stlgiua, perbapa in conseqiieoce of tl;e 
fopioDS secretion, is rendered sterile. When an insect visits a fiower 
«f this kind, it rube oil some of the viscid matter and thus at the 
Hme time drags away some of the pollen -grains. From this simplb 
ecsdition, which differs but little from that of a multitnde of 
common flowers, iheie are endless gradations, — to specie* in which 
the poUen-maBs terminates in a very short, free caudicle, — to others 
in which the caudicle becomes firmly attached to the viscid matter, 
with the sterile stigma itaelf much modifiwl. In this latter crvse 
we have a pollinium in itn most highly developed and perfect con- 
dition. He who will carefully examine the flowers of orchids fur 
himself will not deny the existence of the above series of gradations 
— from a mass of pollen-grains merely tied together by threaoe, 
with the stigma diUering but little from that of an ordinary flower, 
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to a bighlf complex pollinitun, admirably adaptM for transporlal 
1>j irisecU; nor will he deny that all the gradatioDa in tbc several 
species arc admirably odaiited in relation to tbo general BtnicttiK 
of each flower for its fcrtilliiation b; different imtecta. In this, aod 
in almott every other case, the enquiry may be poshed farther 
backwaidB ; and it may be asked how did the stigma of an ordinnry 
flower become viscid, but as we do not know the full history of any 
one group of beings, it is as oseless to ask, as it is hopeless to 
attempt answering, suoh questions. 

We will now torn to climbing plants. These can be arranged in 
a long seriea, from those which simply twine round a support, to 
ihoBfl which 1 have called leaf-climbers, and to those provided with 
tendrils. In these two latter classes the stems have generally, but 
not always, lost the power of twining, though they retain the power 
of revolving, which the tendrils likewise possess, llie gradaUons 
from leaf-climbers to t«ndril-bearers are wonderfully cloei-, and 
certain plants may be indifferently placed in either class. But in 
ascending the series from simple twlnerG to leaf-climbers, an impor- 
tant quality is added, namely sensitiveness to a touch, by which 
means the foot-stalks of the leaves or flowers, or these nusdificd 
and converted into tendrils, are excited to bend round and clnsp 
the touchii^ object. He who will read my memoir on these plants 
will, I think, admit that all the many gradations in function and 
structure between simple twiners and tendril-bearers are in each 
case beneficial in a high degree to the species. For instance, it 
is clearly a great advantage to a twining plant to become a leaf- 
climber; and it is probable that every twiner which possessed 
leaves with long foot-stalks would have been developed into a leaf- 
climber, if the foot-stalks had possessed in any slight degree the 
requisite sensitivenesi to a touch. 

As twining is the simplest means of ascending a sniiport, and 
forms the basis of our series, it may nsturally be asked how did 
plants acquire this power in an incipient de^Tee, afterwards to be 
improved and increased through natural selection. The power of 
twining depends, firstly, on the sloms whilst young being eitremely 
flexible (but this is a character common lo many plants which an- 
not climbers); and, secondly, on their continually bending to all 
pointfi of the compass, one after the other in succession, in the same 
order. By this movement the stems ore inclined to all aides, and 
are made to move round and round. As soon as the lower part of 
of a. stem atrikoa against any object and is stoi>ped, the upper pan 
still goes on bending and revolving, and thus necessarily Iwitie* 
round and up the support. The revolving movement censes after 
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the early growth a! each ehoot As in toatiy widely Bcptmilcd 
fiuQiliee of plnntB, single xpecics and siDgle genera pOBBCas the power 
of rcvulving, and have thus become twinen, they mnat liuvu 
iadopetideiitly acquired it, and cati&ot have iaherited it from n 
Qommoa prc^niior. Hence I vna led to predict that sonie slight 
tmdency to a movemoDt of this kind would be (bund to be far from 
nucouroou with plants which did not climb; and that this hM 
■fibrdod the basis for natural aclection to work on and improve. 
When I made this prediction, I knew of only one imperfect case, 
nniaely of the young flower-pcdunclra of a Manraudia which 
lerolvcd slightly and irregularly, like the 8t«ms of twiniog phints, 
Int without making any use of tliis habit. Soon afterwards FriCa 
miler discoTsred that the young stems of an Alisma and of a 
Tjimm^ — plants which do not climb and are widely separated in 
.|ba utonl syaUm, — rerolrcd plainly, though irregularly; and he 
ftatts that ba bu reasoD to auspcct tjmt this occurs with some other 
Jilsnts. These slight movements appear to be of no Hrvice tu the 
plants in question ; anyhow, they are not of the least use tn the way 
of clitabiug, which is the point that concfinis ii9. NevertheleiU wc otn 
Ke that if the stems of these plants had been flexible, and if under 
the conditions to which they ate exposed it had profited them to aa- 
nod to a height, then the habit of slightly and irregularly revolving 
might hare been increased and utilised through natural selection, 
until they had become converted into well-developed twining species. 
With respect to the sensitiveness of the foot-stalks of the leaves 
■nd flowers, and of WndriU, nearly the same remarks are applicable 
as in the case of the revolving movemeDls of twining pluits. As 
* vast number of species, belonging to widely distinct gronps, arc 
endowed with Ihis kind of setiBitiveneas, it ought to be found in n 
nasocnt condition in many plants which have not become climbers. 
This is the case : I observed that the young fiower-pednncles of 
the above Maurandis eurved themselves a little towarils the side 
which was touched. Morren found in several species of Oxatia that 
the leaves and their foot-stnlks moved, especially after eipoeure 
to a hot sun, when they were gently and repeatedly totiched, or 
when the plant was shaken. I repealed these observations on somt) 
<itber species of Oxalis with the some result ; in some of them the 
novement was distinct, but was beat seen in the young leaves; iu 
■then it was extremely slight. It is a more important fact that 
■ccording to the high authority of Bofmeister, the young shoots and 
IlBvea of all plants move after being shaken ; and with climbing 
plants it is, as we know, only during the early stages of growth thnt 
the fool-Blalks aai ttndrils are sensitive. 
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It ia Kozceiy poMibls that the above ilight movements, due to 
a toucli or Bhake, in the joung aad growing orguw or pUats, c»n 
be of any fUDCtiooal importance to them. But pUnla posses^ in 
ulMtilience tu various stimuli, powers of movcmeat, which are of 
luanireit imponauce to them ; for instance, to^-ards and toore rarely 
IroiQ the light, — iu oppcaition to, and mors rarely in the direction 
of, the atlraction of gravity. When the nerves and muscles of «ii 
animal aro eiciltd by gajvaniflm or by the absorption of strychnints 
the consequent movements may be called an incideotal resolt, tor 
the nerves and moscles have not been rendered specially sensitiTe to 
these Etimuli. So with plants it appears that, from having the 
power of movement in obedienoe to certain stimuli, they are exdted 
In an incidental manner by a touch, or by being shaken. Hence 
there is no great difficulty in admitting that in the case of leaf- 
climbers and tendril-bcarera, it is this tendency which has been 
taken advantage of and increased through natural selection. It it, 
however, probable, from reasons which I have assigned in my 
memoir, that this will have occurred only wah plants which had 
already acquired the power of revolving, and had thus become 
twiners. 

I have already endeavoured to explain how plants became twiners^ 
namely, by the increase of a tecderM;y to alight and irr^ular 
revolving movements, whicli were at first of no use to ihcro ; this 
movemeDt, as well as Chat due to a touch or shake, being the inw- 
deutat result of the power of moving, gained for other and bene- 
ficial purposes. Whether, during the gradual development of 
climbing plants, natural selection has been aided by the inherited 
effects of 1180, I will not pretend to decide; hut we know that 
certain periodical movements, for instance the so-called sleep of 
plants, aro governed by habit. 



1 have now considered enough, perhaps more than enough, of 
coses, selected with care by a skilful naturalist, to prove that nat 
selection is incomjietent to account for the incipicDt stages of 
structures; and 1 have shown, as I hope, that there is do great 
difficulty on this head. A good opportunity has thus been afforded 
for enUrging a little on gradations of structure, often associated 
with chitoged functions,— an Important subject, which was not 
treated at sufficient length in the former editions of this work, I 
will now briefly recapitalale the foregoing cases. 

With the giraffe, the continued preservation of the individuals of 
e extinct high-reaching ruminant, which had the longest nocks, 

I, tec, and conld browse a little above the average height, and 
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the contimicii dcstniction of tSioae which could not browEo so higli, 
would have sufficed for tha production of this remarkable quail- 
TDpod; but thu prolougtd use of sU the parts lo^pther with inhmt- 
aoce will have aided in an important manner in their co-ordination. 
With the many insecta which imitate various objecla, theru is no 
improbabilitj in llie belief that an accidental TesembUnce to some 
eommon object was in each cose the foundation for the work ol 
lUttnrel selection, since perfected through the occasional presen'stion 
C< slight rarintions which made the resemblance at all closer; and 
this will have been carried on as long a» the insect continued to 
mj, and as long as a more and more perrect resemblance led to it^i 
Mca|« from sharp-si ghted enemies. In certain species of whnles 
there is a tendency to the formation of irregular little points of boru 
m the palate ; and it seems to be quite within the scope of natural 
•election to preserve all favourable variations, nndl the points were 
oonverted firat into lainctlat«d knobs or teeth, like those on the 
beak of a goose, — then into short lamelke, like those of the domestic 
ducks, — and then Jnlo lamella, as perfect as those of the shoveller- 
duck, — and finally into the gigantic plates of baleen, as in the mouth 
of the Greenland whale. In the family of the d^icks, the lBmell« 
tre first used as teeth, then partly as teeth and partly as a sifting 
■ippkratus, and at last almost ei^clusively for (his latter purpose. 

With such structures as the above bmellm of horn or whnlt^ 
bone, habit or tun can have done little or nothing, as far as wu 
tmn judge, towards their develo|imcnt On the other hand, the 
tmnsportsl of the lowur eye of d fiat-fish to the upiier side of 
the bead, and the formation of a prehensile tail, may be attributed 
almost wholly to continued use, together with inheritance. With 
respect to the mnmmie of the higher animals, the most prolnble 
coojectute is that priiuordiaUy the cutaneous glands over the whole 
mrfacoof a marsupial Back secrcti'd a nutritious fluid; and that 
thcM glands were improved in fnnction through natural selection, 
and concentrated into a confined am, in which case they would 
hsTO formed a mamma. There is no more difficulty in under- 
standing bow the branched spines of some ancient Echinoderm, 
which aerved as a defence, bi-came developed through natural selec- 
tion into tridactyle pedicellariie, than itt understanding the derclop- 
roent of the pincers of cmstaceans, through slighl, serviceable modi- 
fications in the ultimate and penultimate segments of a limb, 
which was at first used solely for locomotion. In the aiiculnria 
and Tibracula of the Polyzoa ve have organs widely diilL'rent in 
appearance developed trom the same source ; and with the vibracula 
we can understand how the successive gradations might have been 
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of servicG. With tbo poliinia of orchiJs, the threads which oripnslly 
served to tie together the iiollcQ-grains, can he traced cohering into 
ofludiolea ; and the steps can likewise te followed by which viscid 
matter, such as that secratcd by the BtigmaB of ordinary ftowers, and 
still aubEerviog nearly but not quite the same purpoM, becAme 
attached to tba free ends of the caudicles ; — all these gradatloiu 
being of manifest benefit to the plniita in question. With respect 
to climbing plants, I need not repeat what hits been so lately s^d. 

It has ofCeu been asked, if natural selection be so potent, why has 
not this or that structure been gained by certain species, to which it 
would apparently have been advantageous ? But it is unreasonable to 
expect a precise answer to such qnestions, considering oar ignorance 
of the post history of each Biiecics, and of the conditions which at 
the preuent day determine its numbers and range. In most case* 
only general reasons, but in some few coses special reasons, can be 
assigned, llius to adapt a s].<ecie8 to new habits of life, many co- 
ordinated modi ii cations are almost indispensable, and it may often 
have happened that the requisite parts did not vary in the right 
manner or to the right degree. Many species most have been 
prevented from increasing in numbers through destructive agencies, 
which stood in no relation to certain structures, which we imagine 
would have been gained through natural selection from appearing 
to us advantageous to the species. In this case, as the struggle 
for life did not depend on auch structures, they could not have 
been acquired through natural selection. In many cases complex 
and long-enduring conditions, often of a peculiar nature, are neces- 
sary for the development of a structure ; and the refjuisite con- 
rlitious may seldom have concurred. The belief that any given 
xe, which we think, often erroneously, wonld have been 
o a species, would have been gained under all circnm- 
h natural selection, is opposed to what we can under- 
iction. Hr. Mivart docs not deny that 
I selection has elfected something ; but be considers it as 
" demonstrably insufficient " to account for the phenomena which I 
expalin by its agency. His chief aigutnents have now been con- 
sidered, and the others will hereoftir be considered. They seem to 
rae to partake little of the character of demonstration, and to have 
little weight in comparison with those in favour of the power of 
natural selection, aided by the other agencies often specified. 1 am 
bound to add, that some of the facts and argnmenls here used by 
me, have been advanced for the same purpose in on able articto 
laicly published in the ' Medioo-Chirurgical Review.' 
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AI the present day aluiust all aaturnlisls admit evolution cndei 
nme loeiD. Mr. Mivart belicvea that species cfaaage through "an 
intemal force or tendency," about which it is not pretonded that 
uijrthiDg is known. That Ep.'cies have a capacity for cbtLDge will 
be admitted by all cvolulioDists ; bat there is no need, as it aecms 
to me, to invoke any internal force beyond tlie tendency to ordi- 
nary VAriubility. whieh through the aid of eelection by man ha> 
gtvea rise to many well-adajitcd domestic races, and which through 
the aid of natural Eelection would equally well give rise by gradu- 
Ated Ett'fe to natural races or species. The final result will gene- 
nlly have been, as already explained, an advance, but in some few 
ooKea a retrM;rc9sian, in oi^anisation. 

Mr. Mivort is further inclined to believe, and some natnraliste 
m^TM with him, that new species manifest themselves " with sud- 
denneai and by modifications appearing at once." For instance, 
he BUppoees that the differoncea between tbe extinct three-toed 
Hipputon and tbe horse arose suddenly. He thinks it difficult to 
believe that the winj; pf a bird " was developed in any other way 
thsu by a comparatively sudden modificatioD of a marked iLiid 
important kind;" and apparently he would extend the same view 
to the wings of bats and plerodoclylos. TTiis conelnsion, which 
implies great breaks or diG(;untitiuity in the soiies, appears to me 
improbable in the highest decree. 

Every one who believes in slow and gradnal evolution, will of 
course admit that specific changes may have been as abrupt and as 
great as any single variation which we meet with under nature, 
or even under domestical ion. But as species are more variable 
when domesticated or cnllivated than under thoir natural con- 
ditions, it is not probable that such great and abiupt variations 
have often occurred under nature, as are known occasionally to 
arise under domestication. Of these latter variations several may 
be attribnted to reversion ; and the characters which thus reappear 
were, it is probable, in many cases at first guned in a gradual 
'nuuiner. A still greater number must bo called monstrosities, such 
aa ms-fiiigored men, ]iorcupine men, Ancon sheep, Kiala cattle, &c. ; 
■nd as they are widely different in character from natural species, 
tbey throw very little light on our subject Excluding such cases 
of abmpt variations, the few which remain would at best constitute, 
if found in a state of nature, doubtful species, closely related to 
their parental tyjies. 
^t My reasons for doubting whether natural s|>ecieB hitve changed 

^K •■ ahniptly as have occasionaUy domestic races, and for entirely 
^B 'disbelieving that they have changed in the wonderful manner 




VMjhwIvJ bv Mr. Hirut, are as follows. According to cur eipe- 
IWM«Wt «tiKipl and lUvui^I; marked variations occur in our liomesti- 
MlruX itvsl actions, Eiogly and at rather long inicrrals of tirae. 11 
•WV^ twvuimd under nature, they would be liable, aa formerly 
«4)J<Ui»«l, to be lost bj acddenUl causes of destruction and by 
litlw<<]itwit inter-crosidng ; and lo it is knowu to be under domeeti- 
Mliuti, unless abrupt variations of tliis kitid are sjieciBll]' preserved 
ikud wtiiirated hj the care of man. Hence in order that a new 
»l<Mlea should suddenly appear in tho manner supposed by Mr. 
MIrart, it is almost necessary to believe, in opposition to all aii»- 
logy, (bat several wonderfully chnngud individuals appeared umol- 
UincDUflly within the same district. Tltis difficulty, as in the case of 
unconscious selection by man, is avoided on the theory of groduAl 
ovolntioD, througlithe preservation of a Urge number of individual^ 
which varied more or less in any favourable direction, and of the 
dostrjction of a large number which varied in an opposite manner. 

'{"bat many species have been evolved in an eitremely ^todual 
manner, there can hardly be a doubt. The species and even the 
genera of many largo natural ramiliea are so closely allied together, 
that it is difficult to distinguish not a few of them. On every con- 
tinent in proceeding from north tii south, from lowland to upland, 
&c., we meet with a host of closely related or representative species; 
as we likewise do on certain distinct continents, which we have 
reason to believe were formerly connecteo. But in making these 
and the fullowing remarks, 1 am compelled to allude to subjects 
bere&fler to be disciutsed. Look at the many outlying islands 
A continent, and see how many of their inhabitants can be 
only to the rank of doubtful sjiecies. So it is if we look to 
times, and compare the species which have just passed away 
those still living nithin the same areas ; or if we compare the 
Hpecies embedded In the sub-sta^et) of the same geological formation. 
h is indeed manifest that multitudes of s[iecieB arc related in the 
closest manner to other sjiccieH that still exist, or have lately 
existed ; and it will hardly be maintained that such G;-edcs have 
lieon davelopod in an abrupt or sudden manner. Nor should it be 
forgotten, when we look to the special parts of allied species, instead 
of to distinct species, thiit nnmerous and wonderfully fine grada- 
tions can be traced, connecting together widely diOerent structurea. 

Many largo Brou[)s of facts are intelligible only on the principle 
that species have been evolved by very small steps. For instanoe, 
t'lie factthat the species included in the larger genera : 
related to each other, and present a greater number of vaiiel 
than do the species In the smaller genera. The former are 
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grouped in little cliutcra, like yiuicti^i) round species; and ihcj 
[H«seut other analugicB with varieties, u was shown in our second 
chapter. On this h&me principle we cod understand bow it is that 
apeaific choracIorE arc mori^ varinble thau generic characters; and 
how the parta which arc developed in an extraordiuiiry degree 
or manner are more variable thaa other parts of ihe same specie*. 
Kuxy analogous fact^, all poiuting in the same direction, could be 
added. 

Although very niany (pecies have almost certainly been pro- 
duced hy Blepa not greater thau those seivrating line varieties; yet 
it may be maiutaiued that some have been developed in a different 
snd abrupt manner. Such au admission, however, ought not to be 
made without strong evidence being assigned. The vague and in 
Home respecla false anaiogiea, es tbey have been shown to be by 
Mr. Chauncey Wright, which have been advanced in iavour of this 
TJew, such as the sudden crystallisation of inorganic Dubstancea, or 
the falling of a facetted spheroid from one facet to another, hardly 
deserve consideration. One class of facts, hotAever, namely, the 
Hidden ap^ieamnce of new and distinct forms of life in our geolt^ical 
fbrmaUona supports at first sight the belief in abrupt development. 
But the value of this evidence deptxda entirely on the perfection of 
the gfolotiical record, in relation to periods remote in the history 
of the world. If the record is as fragmentary as many geologiala 
■trennoualy assert, there is nothing strange in new forms ajipeai- 
ing as if suddenly devoloiwd. 

Dnloas we admit transformations as prodigious as those advocated 
by Hr. Hivart, such oa the sudden development of the niiiga oi 
Uida or bata, or the sudden conversion of a Hippariun into a norse, 
hardly any light ia thrown by the belief in abrupt modifications ou 
the deficiency of connecting Itnka in our geological formations. But 
■gainat llie belief in auch abrupt changes, embryology enters a strung 
protest. It is notorious that the wings of birds and bats, and the le;:s 
of horses or other quadrupeds, are undistingulsbable at an early em- 
bryonic iieriod, and that they become differentiated by insensibly 
fine alepa. £mbryolo'^cal reseniblanccs of all kinds can be ac- 
counted for, as we shall hereafter se«, by the progenitors of utir 
uistin^ species having varied after early youth, and having trans- 
mitted their newly acquired charsctets to iheir offspring, at a 
ocoresponding ago. The eoibryo ia thus left almost unaffected, and 
■erves as a record of the past condition of the species. Hence it 
is thai existing species during the early stages of their develop- 
mmt ao often resemble ancient and extinct foruia belongin): to tlio 
Mine chaa. On this view of the mcnniug of embryulogical reseui- 



204 



MISCELLANEOUS OBJECTIONS, ETC. [Chap. VII. 



bknces, and indeed on any view, it is incredible that an animal 
Rhould have onder^jone such momentous and abrupt transforma- 
tions, as those above indicated; and yet should not bear even a 
trace in its embryonic condition of any sudden modification ; every 
detail in its structure being developed by insensibly fine steps. 

He who believes that some ancient form was transformed sud- 
denly through an internal force or tendency into, for instance, one 
furnished with wings, will be almost compelled to assume, in oppo- 
sition to all analogy, that many individuals varied simultaneously. 
It cannot be denied that such abrupt and great changes of struc- 
ture are widely different from those which most species apparently 
have undergone. He will further be compelled to believe that 
many structures beautifully adapted to all the other parts of the 
same creature and to the surrounding conditions, have been sud- 
denly produced; and of such complex and wonderful co-adapta- 
tions, he will not be able to assign a shadow of an explanation. 
He will be forced to admit that these great and sudden transfor- 
mations have left no trace of their action on the embryo. To 
admit all this is, as it seems to me, to enter into the realms of 
miracle, and to leave those of Science. 
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Instinct. 

isipu'«bl« tflth buliits, bat difTerent io their origin — luitincU 
ed — Aphicit* sad »nti — Instincts yariable — DomeiUe ia- 
itjncts, thiir origin — Naturnl inatincls of the cuckoo. niDluthrui, 
■Mtrich, and jmruilic beea — SiaTe-making mts — Hivp-W, lit cell- 
making tnttiDCt — Changes of instinct and itrnctDre not aecessarilr 
simnllaneoiu— DifficaltiBs of the theory of the KaluriU Selection of 
iMtinclii — N outer or sterile insects — Siimmary. 

Hakt inslinels arc so wooderful that tlicir davelopment will jiro- 

tefaiy appear to the rcatler a di£BcuUy snfliciGat to overtlirow my 

]e Uieory. I may here premise, tbftt 1 havu Dothiog to do with 

I tile origiti of the mental powers, any more tlian I have nilh that of 

I UTe itself. We are conceniixl oul^r with the diversities of instiQct 

and of the other mental faculties Id snimBla of the same class. 

1 will not attempt any definition of instinct. It would be easy to 
■how that seTentl distinct mental sctious are commonly embraced 
bf ibis tenn ; but every one uoderstands what is meant, when it is 
wd that instinct impels the cuckoo to migrate and to lay her c<!ga 
in other birds' nests. An action, which we ourselves rrajuire expe- 
rienco to enable os to perform, when performed by an auitnal, more 
egpedally by a very yoiini; one, withoot eE|ierienoe, and when per- 
formed by many individoals in the same way, withoot their knowing 
tor what ]iurpoBc it is lerfonned, is usnaily said to be instinctive, 
But I could show that none of these characters are tiniversH]. A 
little dose of judgmenl or reason, as Pierre Huber expresses it, often 
ODDiee into play, even with animals low in the scale of nature. 

Frederick Cnvicr and several of the older meia|>!iysician£ have 
Oompued instinct with habit. This comparison gives, I think, au 
aocorate notion at the frame of mind nnder wliich an inslinctive 
action is performed, but not necessarily of its origin. How 
(Ciously many habitual actionu are }icrformed, indeed not rarely iu 
direct opposition to our couscioiia will! yet they may bo modi- 
fied by the wiU or reason. Uahtta easily becume aesocialol witli 

^t oUwT habits, with certain periods of timo, and stu<i« of the body. 

^H.'Vhan once acquired, they often remain constant ibruugliout li& 
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Several other points of resemblance between iDStiocta and liabits 
could be pointed out. Aa in repeating a well-known song, bo in 
instincts, one action follows anoLber hy a sort of rhythm ; if a poison 
bo interrupted in a song, or in repeating anything by rote, he ia 
generally forced to go back t« recover the habitual train of thought: 
»oP. Uubcr foundit wu with acatorpillar, which nuikea a very com- 
plicated hammock ; foe if he took a caterpillar which had completed 
its hammock up to, Bay, the sixth slago of construction, and put it 
into a hammock completed up only t« the third stage, the caterpillar 
simply re-performed the fourth, fifth, and sixth stages of construction. 
If, however, a cattrpiliar were taken out of a hammock made up, 
for instance, to the third alape, and were put into one flnished up to 
tbo sixth stage, so that much of its work was already done for it, 
for from deriving any benefit from this, it was much emlarrasaed, 
and in order to complete its hammock, seemed forced to start Irom 
the tiiird stage, where it had left off, and thus tried to complete the 
Already finished work. 

If we suppose any habitual action to bfcome inherited — and it 
can be shown that this does sometimefi happen — then the resem- 
blance between what Originally was i habit mA Ab ihsti net becomes 
BO close as not to be distinguiahed, U Mozart, instead of playing 
the pianofarte at three years old with wonderfully little pmctice, 
had played a tune with nii practice at all, be might truly be said 
to have done so instioctively. But it would be a serions error to 
suppose that the greater number of instincts have been acquired by 
habit in one generation, and then transmitted by inheritance to 
succeeding generations. It can be clearly shown that the most 
wonderful inatincts with which wo are ncquainled, namely, those 
of the hive-bee and of many ants, could not possibly have been 
ocqnired by habit. 

It will be universally admitted that instincts are as important as 
corporeal structures for the welfare of each species, nnder it« pleeent 
conditions of life. Under changed conditions of life, it is at least 
possible that slight mol if! cations of instinct might be profitable to 
a species ; and if it can be shown that instincts do vary ever so 
little, then I can see no difficulty in natural selection preserving 
and continually accumulating variations of instinct to any extent 
that was profitable. It is thus, as I believe, that all the most 
complex and wonderful instincts have originated. As modifications 
of corporeal structure arise from, and ore increased by, nse or habit, 
and are diminished or lost by disuse, so I do not donbt it has been 
with instincts. But I believe that the effects of habit are in roanf 
cases of subordinateimp^rtancelotbe effects of the ontuml n' 
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of wliat mni? be called fpoDtaceoiis variatJooB of instincts; — that 
ia of Tarifttions produced b? the same unknown causes which pro- 
duoe Bli°hl deviationa of bodily otructure. 

No complex instinct can possibly bo produced through natnral 
■election, except by the hIdw end gradual nccumulation of numerous 
■light, yet profitable, vuriatinos. Hence, as in the cose ef corporeal 
structures, we ought to find ia nature, not the actual transitional 
gradntions by wlilch each complex instinct has been acquired — for 
tli«se could be found only in the Irncal ancestors of each specie*^ 
but we ought to Giid in the collateral lines of descent some evidence 
of such gradations; or we ought at least to bo able to show that 
g;radatioD8 of some kind are poBsible ; and this we certainly can do. 
I have been surprised to find, roaking allowance for the instincts of 
■nimalB baring been but little obeerTed except in Enroiw and North 
America, and for no instinct being known amongst extinct species, 
how very generally gradations, leading to the most complex ioBttncts, 
oa he diacoTcred. Changesof instinct nuiy sometimes be facilitated 
Vy the same species having different instincts at different perioils 
of life, or at different seasons of the year, or when placrd under 
different circumstances, &c. ; in which case either the one or the 
ot^r instinct might be preserved by natural selection. And such 
instances of diversity of instinct in the same S[tecies can be shown 

Again, as in the case of corporeal structQre, and conformably to 
my theory, the instinct of each species is good for itself, but has 
never, aa far as we can judge, been produced for the exclusive good 
of others. One of the stron^^est instances of an animd apparently 
performing an action for tbe sole good of another, with which I am 
acquainted. Is that of aphides voluntarily yielding, as was first 
observed by lluber, tlieir sweet excretion to ants: that they do so 
valunlarily, the following facts show. 1 removed all the ants from 
a gronp of about a dozen aphides on a dock-plant, and prevented 
their attendance during several hours. After this interval, I felt 
snro that the aphiiles would want to excrete. 1 watched them for 
Bome time through a lens, but not one excreted ; I then tickled and 
stroked them with a hair in the same manner, as well aa I conld, 
as the ants do with their anteQuie ; but not one excreted. After* 
warda 1 allowed an ant to visit tbcm, and it immediately seemed, 
by its eager way of running about, to be well aware what a rich 
Hock it had discovered ; it then began to play with its anlemue on 
the abdomen first of one aphis and then of another; and OKh, as 
soon as it felt the antennie, immediately lifted up its abdomen and 
•xcrated a limpid drop of sweet juice, which was eagerly devoured 
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b; the ant. Even the quite j-onn^ aphides behaved in this manner, 
hhunmg that tbe actioD wa3 itutbctire, and not the resiilt t>( 
eipericDce. It is certain, from the observations of Iluber, thnt the 
aphides show no dislike M the ants : if the latter be not present 
they are at last compelled to eject their excretion. But as tha 
eicretion h extremely viecid, it is no doubt a convenience to the 
aphides to have it removed ; therefore probably thoy do not excrete 
solely for the good of the anta. Although there is no evidence that 
any animal perfonna an action for the eicluaive good of another 
sjiocies, yet each tries U> take advantage of the instincU of others, 
aa each takes advantage of the weaker bodily structure of oUm 
species. Bo again certain instincts cannot be considered hb abso- 
lutely perfect ; but as det^ls on this and other such points are not 
indispensable, they may bo here passed over. 

As some degree of vaiiation in instincts under a state of natoie; 
aud the inheritance of such variations, are indispensable for the 
action of natnnil selection, as many instances as possible ought to 
be given ; but want of space prevents mo, I can only assert that 
iiiBlincts certainly do vary— for instanco, the inigratoiy infitincl, 
both in extent and direction, and in its total lose. So it is with the 
Dests of birds, which vary partly in dependence on the sitOAticou 
chosen, and on the nature aud temperature of the country InhabiMd, 
but often from causes wholly imknown to us : Audubon han given 
several remarkable cases of differences in the nosta of the same 
species in the northern and southcm United Htates. Why, 
been asked, if instinct be variable, has it not granted to I 
" the ability to use some other material when was was deficient 
But what otlier natural material could bees use ? They will _ 

OB 1 have seen, with wax hardened with vermiUon or softened 
with lard. Andrew Knight observed that his bees, instead of 
labononsly collecting propohs, used a cement of was: and turpentine, 
with which he had covered decorticated trees. It has lately been 
shown that bees, instead of searching for pollen, wiU gladly 
very different substance, namely oatmeaL Fear of any partici 
enemy is certainly an instinctive quaUty, as may bo 
birds, though it is strengthened by experience, and by the nght 
fear of the same enemy in other animals, 'fhe fear of inon is slowlj 
acquired, as I have elsewhere shown, by the various animals whuA' 
inhabit desert islands ; and we see an instance of this 
England, in the greater wildness of all our large birds in comparison 
wtlU our small birds ; for the large birds have been most peisccuied 
by man. Wo may safely attribute the greater wlldneas of our 
Inr^e birds to this csuac ; for iu uainhabitoJ iahuds large Urds are 
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tiot more fearful than small ; and the magpie, so wuy in England, 
[a tame in Norwaj-, ae is tho hooded crow in Egypt. 

That the mecital qualities of animals of the same kind, bora in a 
state of natiire, vary much, could be shovra by niaoy iiwts. SoTeral 
cueB could also bu adduced of occasional and strange habits Id 
wiU animals, which, if advantageoua to the speciea, might have 
pven rise, throngh natural selection, to new inatinuW. But 1 am 
well Bwaie that these general stalcmenU, without the facts ia 
detul, will produce but a fecbie effect on Ihe reader's mind. I 
ean only repeat my asaurancc, that I do not speak without good 



Jnhtriled Changes of IlahU or Imtinti in JhmetlUaScd 

The poaaibility, or even probability, of inherited variatioos of 
loatiiict in a state of nature will be strengthened by briedy consider- 
ing a few cabes under domestication. We shaU thus be enabled to 
■ee the jiart which habit and the selection of so-called spontaneous 
I T>rial4ons have pbycd in modifying the mental qualities of our 
Bidonioitic animals. It ia notorious how much domestic animals vary 
lib thor mental quaUties. With cats, for instance, one naturally 
« catching rata, and another mice, and these tendencies are 
D to bo inherited. One cat, according to Mr. St. John, always 
jht home game-birds, another hares or rabbits, and another 
p'kmted on marshy ground and almost nightly caught woodcocks or 
' nipea. A nambor of curious and authentic instances could he 
given of Tarions shades of disposition and of taste, and likewise of 
the oddest tricks, associated with certain frames of mind or periods 
of time, being iuherited. But let us look to the familiar case of 
the breeds of the dog : it cannot be doubted that young pointers (1 
have myself seen a striking instance) will sometimes point and even 
back other dogs the very first time that they are taken ont ; 
mrisving is ccrt^nly in some degree inlierited by retrievers ; and a 
tendeacy to run round, instend of at, a flock of sheep, by shepherd- 
dogs. I cannot ace that these actions, performed without experience 
by the young, and in nearly the some manner by each individual, 
performed with eager delight by each breed, and without the end 
being known— for the youiig pointer can no more know that ho 
points to aid his tuostor, than the while butterfly knows why she 
kjra her ^gs on the leaf of the cabbage — 1 cannot see that these 
•CtiooB differ essentially &om true instincts. If we were to behold 
one kind of wo!l, when young and without any training, as soon u 
it scented ita prey, stand motionless like a statue, and than siow ly 



orawl forward with a peculiar gait ; and another kiad of \ 
milling round, iustcod of at, a herd of deer, and diiviDg them to a 
distant point, we should assuredly call these actions instinctive. 
Domestic inEtinctfl, as they may be called, are certainly fur lens 
fixed that: tiat<iTal instincts ; but they have been acted on by far 
less rigoroua selection, and have been tiansmitlcd for an incompni- 
ably shorter period, under less fixed conditions of life. 

How strongly these dotiiestic instincts, habits, and disposiUons 
are inherited, and huw curiously they become mingled, U well 
shown when diffcreut breeds of dogs aro crossed. Thus it is known 
that a cross with a bull-dog has affected for many generations the 
oonrago and obstinacy of greyhounds ; and across with agreyhooud 
has given to a whole family of shepherd-dogs a tendency to hunt 
hares. These domestic instincta, when thus tested by crossing, 
iwemble natural instincts, which in a like manner become curionidy 
blended together, and for a long period exhibit traces of the instincts 
of either parent '. for example, Le lioy dencribos a dog, whoso great- 
grandfather was a wolf, and this dog showed a trace of its wild 
parentage only in one way, by not coming in a straight tine to his 
master, when called. 

Domestic instincts are lomelimes spoken of as actions which 
have become inherited solely from long-continued and compulsory 
habit ; but this is not true. No one would ever have thought of 
teaching, or probably could hare taught, the tumliler-pigcoD to 
tumble, — an action which, as I have witnessed, is performed by 
young birds, that have never seen a pifjeon tumble. We may 
believe that some one pigeon showed a slight tendency to this 
Btrange habit, and that the long-continued aeleciion of the best 
individuals in successive penerationa londo tumblers what they now 
arsi and near Ulasgow there are iiouse-tumblars, as I hear from 
Mr. Brent, which cannot fly eighteen inches high without goin;; 
head over heels. It may be doubted whether any one would have 
thought of trainicig a dog to point, had not some one dog naturally 
shown a tendency in this line; and this is known occasiooally U> 
happen, as I once saw, in a pure terrier: the act ot pointing is pro- 
bably, as mimy have thought, only the exaggerated pause of an 
animal pre]mring to spring on its prey. When the first tendency 
to point was once displayed, methodical selection and the inherited 
effects of compulsory training in each successive gcnemtion would 
MOD complete the work ; and unconscious selection is still in 
progress, as each man tries to procure, without intending to improve 
the breed, dogs which stand and hunt best. On the other hand, 
habit alone in some cases has sufficed ; hardly any animal is mnre 
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than the young of the wild rabbit; scnrcely iny 
kiiimal ia tamer than thci young of tha tame rabbit; but I cnn 
luudly suppose thnt domestic rnbbits have often been select«d for 
Unieness alone; bo that wc must attribate at least the greater part 
of the inherited change from extreme wildneas to extreme tame- 
ness, to habit and long-con tinned close confinement. 

Natural in&titicts are lost uudor domeBtlcation: a remarkable 
iiin«nce of this is seen in those breeds of fowls which very rarely 
or never become "broody," that is, never wish to ait on their eggs. 
Familiarity alone prevents our seeing how jargely and how perma- 
nently the minds of our domestic animals have betn modified. It 
ii scarcely possible to doubt that the love of man has become 
insdnctive in the iog. Alt wolves, foxes, jackaU, and species of 
the c«t genua, when kept tame, are must enger to attack p>ultry, 
sheep, and pigs; and this tendency has been found incurable in 
dogg whicii have been brou;Jit home aa puppies from countries such 
as Tierta del Fuego and Australia, where the savages do not keep 
these domestic animals. How rarely, on the other hand, do our 
civilised do^s, even when quite young, require to be taught not tn 
Utack poultry, sheep, and pi^s! So doubt they occasionally do 
make an attack, and are then beaten ; and if not cured, they are 
destroyed ; so timt habit and some degree of selection have pro- 
bably concurred in civilising by inheritance onr dogs. On the 
Other band, young chickens have iost, wholly by habit, that fear of 
the dog and cat which no doubt was originally instinctive in tbem ; 
for I am informed by Captain Hutton that the young chickona of 
the parent-stock, the Gallus bankivo, when reared in India under a 
heo, are at Grst excessively wild. So it is with young pheasants 
reared in England under a hen. It is not that chickens have lost 
■U frar, but foar only of dogs and cats, for if the hen gives tb^ 
danger-chuckle, they will run (more especially yonng turkeys) from 
tmder her, aud conceal thoinselvea in the surrounding gnss or 
thickets ; and this is evidently done for the instinctive purpose of 
allowing, as we boo in wild ground-birds, their mother to fly away. 
But this instinct retained by our chickens has become uRoless under 
domestication, for the mother-hon boa almost lost by disuse tlic 
power of flight. 

Hence, we may conclude, that under domestication instincts have 
been acquired, and natural instincts have been lost, partly by habit, 
■nd partly by man selecting and accumulating, during successive 
generations, peculiar mental habits and actions, which at first 
appeared from what we must in our ignorance call an accident. In 
some cases compulsory habit alone baa sufficed to produce inhe- 
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rited meaUl clmngeg; in other cases compulsory habit has done 
nothing, aod all baa been the result of Eelection, purstiRd bolb 
msthodicuily ood unconKcioualy : but in nu>st cases habit uui 
selection have probably coocuncd. _ 

Special Imlijicta. M 

We shftU, perhaps, best uni]«stiuid how inatiucts in a state of 
nature have become modified by selection, by considering a few 
cases. 1 will select only three, — namely, the instinct which leads 
the cuckoo to lay her eg^ in otber birds' oests ; the siave-mokiog 
instinct of certain ants ; and the cell-iiioking power of tbt 
liivD-be«. These two latter infitincts have generally and justly 
been raokcd by naturittiata lui the most wonderful of all knowD 
inslinots. 

/nstvneb tiflhe Cuckoo, — It ia supposed by some naturalists that 
the mora inunediate cauEO of the inutioct of the attckoo is, that she 
lays her eggs, not daily, but at intervals ol' two or three days ; m 
that, if ehe were U> make her own nest and sit On her own eggs, 
those fint laid would have to be Un for some time uuiaoubated, or 
tliere would be egi^s aod young birds of difiereiil ages in the same 
QCsL If this wore the case, the process of laying and hatching 
might be inconveniently long, more especially as she migrati-s at a 
very early period ; and the first batched yotmg would probably 
have to be fed by the male alooe. But the American cuckoo is in 
this predicamcDt ; for she makes her own nest, and has eggs and 
young successively hatched, all at the sajue lime. It has been both 
asserted and denied that the American cuckoo occasionally lays het 
u^gs in other birds' nests ; but 1 have lately heard from Dr. Merrell, 
of Iowa, that he once found in lllinuis a yoimt; cuckoo together 
with a young jay in the nest of a Blue jay (Garrulus crii^tns); 
and as both were nearly fully feathered, there oould be no mistake 
in their identification. 1 could also give several instances of varioos 
birds which have been known occasionally to lay their eggs in other 
birds' nests. Now let us suppose that the ancient progenitor of our 
European cuckoo had the habits of the Americau cnckoo, and that 
she occasionally laid an e^ in another bird's nest. If the old bird 
profited by this oociuiiotial habit through being enabled to migrate 
eailier or through any other cauM ; or if the young were made more 
vigDroua by advantagu belog taken of the mistaken instinct of 
auother species than when reared by their oivn mother, encum- 
bered as she could hardly fail to ba by having eggs aud young of 
different ages at the same time; then the old birds or the fostoretl 
young would gaiu an advanui^e. And analogy would lead ni tu 
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IjcUgvc, [hat tbe young thua reared would be apt to follow by mhe- 
riUDoe the uccaaional and abeiranl. habit of iheir mother, nad in 
their turn would be apt to lay tbeir eggs in othor birds' neats, ami 
thui be more BUctx'ssrid ia reariog their young. Ity « continued 
process of thU nature, I believe tbnt the «1rani;e instinct of oiii 
c'ickno has been generated. It ha<, iilso, rrceotly hcfn asoertainecl 
on sufficient evIJence, by Adolf MUller, that the cuckoo occoaioDally 
Uys her eggs on the bare ground, sits on them, and feed* her young. 
This rare cvenl is probably a case of reversion to tho long-Iosi, 
aboriginal instinct of nidification. 

It has been objected that I have not noticed other related inatiQCls 
•nd adaptations of Btructure in the cuckoo, nhlch are i^ken of w 
li«oes«Bri1y co-ofdinated. But in all ciwei, speculation on an instinct 
knowa to ufl only in a single spedes, is uaelfss, for we have hitherto 
had DO foots to guide us. Until recently tho instincts of the Euro 
pean and of the non-porasitic Americnn cuckoo alone nere known ; 
now, owing to Mr. Rmnsny's observations, wo have learnt something 
tboul three Australian species, which lay their eggs in other birds' 
Deatc The chief poicts lo be referred to are three ; first, that the 
oommon cnckoo, with rare oxccpliorts, lays only one ^g in a nest, 
n that the large and voracious young bird receives ample food. 
Secondly, that the eggs are remarkably sniall, not exceeding those 
of the skylark, — a bird about one-fourth as large as the cuckoo. 
That the small size of the i^ ii a real cose of adaptation wo may 
infer &om the fact of tbe noD'parasitio American cuckoo laying 
fuU-aized eggs. Thirdly, that the young cuckoo, soon after birth, 
has the instinct, the strength, and a properly sliaped back for 
ejecting its foster-brothers, which then perish from cold and hnnger, 
Tfait has been boldly called a benelicent arrangement, in order that 
the young cuckoo may got sufficient food, aod tbat its foster-brothers 
may perish before they had acquired much feeling! 

TnmiDg now to tbe Australian species ; though these birds gene- 
rally lay only one egg in a uest, it is not rare to find two and even 
three eggs in the same nest. In the Bronze cuckoo the eggs vary 
icrt&tiy in size, from eight to ten lines in length. Now if it had 
been of an advant^e to this species to have laid oggi even smaller 
than tbosa now laid, so as to have deceived certain rnil«r-parentB, 
or, as is more probable, to have been hatched within a shcirlor period 
(for it is asserted that there is a relation between the sixs of eggs 
and the period of their iccubaticHi), then there ia no difficulty in 
believing that a race or species might have been formnl which 
would have Uid swalier and smaller eggs ; for these would have 
been more mfely batched and reared. Hr. Kamaay remuks thai 
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two of the AiutnCian cnckooe, nhen tiiey lay their eggs in an open 
neat, niauifast a decided preference for nests containing ^gs similir 
in colour to their own. The European species ap[xirently mftiiifeHls 
some tendency towBrda a similai instinct, but not rarely departs 
ironi it, tm is shown by her laying her dull and pslc-colonred ^ga 
in the neat of the Hedge- war bier with bright greenish- blue eggs. Had 
onr cuckoo inrnriably displayed the above instinct, it would asau- 
tedly have been added to those which it is assumed must all have 
beeu acquired together. The eggs of the Australian Bronze cuckoo 
vary, according to Mr, Ramsay, to an extraordinary degree in colour; 
so that in this respect, aa well as in si^e. natural selection might 
have secured and fixed any advantageous variatioii. 

In the case of the Euroi>ean cuckoo, the offapring of the foetor- 
parents are commonly ejected from the nest within three days after 
the cuckoo is hatched ; and as the latter at this ege is in a meet 
helpless condition, Mr. Gould was formerly inclined to believe that 
the act of ejection was performed by the foster-parents themselves. 
But he has now receivi^ a trustworthy account of a young cuckoo 
which was actually seen, whilst still blind and not able even to 
hold up itB own head, in the act of ejecting iu foater-brothers. Ona 
of these was replaced in the neat by the observer, and was t^in 
thrown out. With respect to the means by which this stran>;e and 
odious instiuct was acquired, if it were of great importance !<x the 
young cuckoo, as is probably the case, to receive as much food as 
possible soon after birth, I can see no special difficulty in its having 
gradually acquired, during successive generations, the blind desire, 
ihe strength, anil structure ueoossary fur the work of ejection ; far 
those young cuckoos which had such habits and structure best deve- 
loped would be the most securely reared. The first step toward* 
the acquisition of the proper instinct might have been mere unin- 
tentional restlessness on the part of the young bird, when somewhat 
advanced in age and strengtb ; the habit having been afterwards 
improved, and transmitted to an earlier age, I can see no more 
ilifiiculty in this, than in the unhatcbed young cf other biida ac- 
quiring the instinct to break through their own shells; — or thnn in 
young snakes acquiring in their upper jaws, aa Owen has remarked, 
a transitory sharp tooth for cutting through the tough egg-shcl). 
For if each part is liable to individual variattoiis at all ages, and tlio 
variations tend to be inherited at a comspondlng or earlier age, — 
propositions which cannot be disputed, — then the instincts and 
structure of the young could be slowly modihed as surely as those of 
the adult ; and both cases must stand or fall tcgellier with the wholKfl 
theory of oatural selection. 
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Some species of Molothnw, a widely distinct genua of American 
birds, allied to oor siarlings, have pamailic habits like Uioec of the 
cuckoo i and the Bpecies present an iniercsting gradation in the per- 
fection of their inatinctB. The sexes of Molothrns badias are stated 
by aa eioallent obaerver, Mr. Hudson, sometimes to live promis- 
caously together in flockB, aod Bometimes to pair. They either 
build a oest of their own, or seize on one belonging to some other 
bird, occaMOcally throwing out the ncstlinga ot the stmnger. Tliey 
either lay their eggg in the nest thus appropriated, or oddly enough 
build one for themselves on the top of it. They usually sit on 
their own eggs and rear their own young ; but Mr, Hudson sayii 
it ia probable that they are occasionally parasitic, for he has seen 
the young of this species following old birds of a dislinct kind 
ftud clamouring to be fed by them. The parasitic habits of another 
Gpeciea of Mololhrus, tlie M. bonariensis, are much more highly 
developed than tlioee of the last, but are still far from perfect. 
This bird, as far as it is kni'wn, invariably lays its i^gs in the 
aesta of strangers; hut it is remarkable that several tc^ether 
■ometimea commence to build an irregular untidy nest of their 
own, placed in singulnrly ill-ailapted Bitualiona, as (in the latrei 
of a large thistle. They never, however, as far as Mr. Hudson 
has ascertained, ccnipleto a oest for theniselves. They often lay 
BO many eggs — from Gl'teen to twenty — in the same foster-nest, 
that few or none caa possibly be hatclied. llicy liare, moreover, 
the extraordinary habit of pecking holes in the egga, whether 0/ 
their own species or of their foster-parents, which they find in the 
appropriated nests. They drop also many eggs on the bare gronnd. 
which are thus wasted. A third species, the M. pccoris of North 
America, has acquired instincts as ]>erfect as those of the cuckoo, 
for it never lays more than one egg in a foster-neat, so that the 
young bird is securely reared. Mr. Hudson is a strong disbeliever 
in erolution, but ho appears Co have been so much struck l>y the 
imperfect instincts of the Molothrns bonariensis that be quotes niy 
words, and asks, " Must we consider these habita, not as especially 
endowed or created instincts, but as small consequences of one 
general law, namely, transition?" 

Various birds, as has already been remarked, occasionally lay 
their eggs in the uesu of other birds. This habit is not very 
Uncommon with the Gallitiaceie, and thrown some light on tbr 
ringiilar instinct of tlie ostrich. In this family several ben-birds 
onrte and lay first a few eggs in one nest and then in another ; and 
e are batched by the males. This instinct may probably be 
I Mcoimted for by the fact of the hens laying a large nuiui<cr of eggt, 
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but, u with the cuckoo, nt intervala of two or three days. The 
instinct, however, of tlie Aniericnn ostrich, as in the case of the Mol- 
othruB bonnrioDsis, has not as yet been perfected ; for a Biirprifiing 
nnmber of e^gs Ua strewed over the plains, so that in one daj's 
hunting I picked up no lees than twenty lost nnd wosled eggf. 

Many bees are parasitic, and regnjsrly lay their eggs in the neats 
of other kinds of bees. This case is more remarkable than that of 
Checnckoo; fur these bees have not only haii tlieir instincts but 
their structure modified in accordance nith their parasitic habits; 
for they do not |««sesti the pollen-collecting apparatus which wonid 
have been indispensable If they had stored up food for their own 
young. Some species of Sphegidas (wasp-like insects) are likewiw 
parasitic ; and M. Fabre bos Ulel y shown good reason for believing 
that, although the Tachylea nigra generally makes iU own burrow 
and stores it with paralysed prey for its own larvfo, yet that, when 
this insect finds a burrow already nude and stored by another 
spliex, it takes aiivantiigo of tlie prize, and becomes for the occasion 
parasite In this case, as with that of tlio Molothrus or cuckoo, I 
can see no difficulty in natural selection making an nccnsional habit 
permanent, if of advantage to the species, and if the insect whose 
nest anil storod food are feloniously appropriated, be not thua exter- 
minated. 

Stave-mah'ng instinct. — This remarkable instinct was first dis- 
covered in the Formica (Polyerges) rnfescons by Pierre Hnber, a 
better observer even than his celebrated father. This ant is abso- 
lutely dependent on its slaves ; without their aid, the species would 
certainly become extinct in a single year. The males and fertile 
females do no work of any kind, and the workers or sterile females, 
tboogh moat energetic and conrageoua in capturing slaves, do no 
oiher work. They are inwipable of making their own nosts, or of 
feeding their own larvm. When the old nest is found inconyenient, 
and they have to migrate, it is the slaves which determine the 
migrotiun, and actually carry their masters in their jaws, So utterly 
helpless are the masters, that when Huber shut up thirty of them 
without a slave, hut with plenty of the food which they like best, 
sod with their own larvs and pupic to stimulate them to work, they 
did nothing! they could not oven feed themselves, and many perished 
of hunger. Huh«r then introduced a single slave (F. fosca), and she 
inetaudy set to work, fed and saved the survivors ; made some cells 
and tended the larvK, and put all to rights. What can be more extra- 
ordinary than these well-ascertained facts ? If we had uot known 0/ 
any other slave-making ant, it would have been hopeless Ic 
LOW so wonderfal an instinct could have been perfeclad. 
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Another species, Formica aanguineft, wns likewise fint discovered 
bf P. Huber ro be A elnvc-niakin<; act. Tliia species is foiiud in 
the Boutbem parta of Gcglatid, and iu hnbiu have been tttcnded 
to by Ur. F. f^uith, of the Dritish Museum, to whom I am much 
itkdebted foi infonnaliou on this and other subjects. Although 
fally trusting to the siat«meDt8 of Baber and Mr. Smith, I tried to 
approach tie aiibject in a sceptical frame of mind, as any one may 
well be Qicused for doubting the existence of so extroordiDar; an 
inttinct as that of raokinu sluvcs. Hence, 1 will give the observa- 
tion! which 1 iiiadc, in some little detail. I opened fourteen cents 
of F. auiguinea, and found a few slaves in all. Mnles and fertile 
fenwle* of the slive species (F. fusc&) are found only in their own 
proper communities, and have never been observed in the nests of 
F, sanguinea. 1'he slaves are black and not above half the ntt 
ot their red masters, so that the contrast in their appearance is 
great, ,When the neat is slightly disturbed, the slaves occasionally 
come out, and like their masters are much agitated and defend the 
osat : when the nest is much disturbed, and the larvn and pupsi 
ue exposed, the slaves work eneri;eticnlly together with their 
masters in carrying them away to a place of safely. Hence, it is 
clear, that the slaves feel quite at home. During the mont^ of 
Jima and July, on three successive years, I watched for many honrt 
seraral nests in Surrey mid Sussij.<:, sod never saw a slave either 
hare or enter a nest. As, during these months, the slaves are very 
fcw in nambor, I thought that they might behave differently when 
mofe numerous 1 but Mr. Smith informs me that he has watched 
ibe nests at various hours during May, Jane, and August, both in 
Snrrey and lJnni|U)hire, and has never seen the slaves, though 
preoent in lac^.'e numbers in August, either leave or enler the neat. 
Heooe he considers them as strictly bousehold slaves. '1'he musters, 
on the other hand, may bo constantly seen bringing in materials for 
the nest, and food of all kinds. During the year ISBO, however, 
in the month of Jnly, I came across a community with an nnumtsJIy 
large stock of slaves, and I observed a few slaves mingled with 
their musters leaving the nest, and marching along the same rood 
10 a tall Scotch-lir^tree, twenty-five yards distant, which they 
ascended to-^ether, probably in search of aphides or cocci. Aooording 
to Huber, wba hud ample opportunities for ot«ervation, the slaves 
in Switzerland habitually work with their masters in making the 
neat, and they alone open and close the doors in the morning ami 
erenii^; and, as Huber expressly states, their principal oSioe is 
Vo search for aphides. This dilTonince in the usual habits of the 
niMteia and slaves in thx two conntries, probably depends meruly 
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OQ the slaves buicg captured in greater cnmbem in Switzerluid 
than in Ragland. 

One day 1 forlunfttely wilnesEcd a migration ot F. Banguinea from 
one nesl to anotlii>r, imd it was n most iittcrestlng spectacle to 
behold the masteiB carefnUy carrying their slaves in their jawa 
inelcod of being carried bj tbem, as in the case of F. rnfesceiiB 
Anollier day my attcntioa was struck by aboiit a score of the bUt»- 
maltere hauntin;; the same spot, and evidently not in searcli of 
food i they approached and wcra vigorously repnlsed by an inde- 
pendent community of the Blavc-B]>ecies (F. fusca); sometimes as 
many as three of these anis clinging to the legs of Che alave-makiDg 
F. eaagninea. The tatter ruthlessly killed tiieir small opponents, 
and carried their dead bodies ob food to their nest, twenty-nine yards 
distant; but they were pTevented from getting anypupm to rear 
as slaves. I then dug up a small parcel of the pupe of F. f^isca 
from another nest, and put them down on a bare spot near the 
place of combat; they were eagerly seized and carried off by the 
tyrants, who perhaps fancied that, after all, they had been victorious 
in their late combat. 

At the same time I laid on the mme place a small pared of the 
pupa; of another species, P. fla.va, with a few of these little yellow 
ants still clioging to the fra^:mGuts of their nest. This spedea is 
sometimes, though rarely, made into slaves, as has been described 
by Mr. Smith. Although so small a species, it is very courageoDs, 
and 1 have leen it ferociously attnck other ants. Id one instance 
1 found to my surprise nn independent community of F. fiavK 
under a stoae beneath a nest of the slave-making F. sanguines ; 
«nd when 1 bad accidentally disturbed both nestti, the UtUe ants 
attacked their big neighbours with surprising courage. Now I was 
curious to ascertain whether F. sanguioea ^ould distinguish ths 
pupoB of F. fuBCa, which they habitually make into slaves, from 
those of the little aud furious F. flava, which they rarely capture, 
and it was evident that they did At once distinguish them ; tor 
v-e have seen that they eagerly and instantly seieed th<) pu^w of 
V. fusca, whereas they were much terrified when they came across 
the pupat, or even the earth from the nest, of F. flava, and quickly 
ran away ; but in about a quarter of an hour, shortly after all the 
iittle yellow ants had crawled away, they took heart and c 
off the pupffi. 

One evening I visited another community of F, sangiiinca, a 
found a number of these ants returning homo and entering t' 
nests, carrying the deail bodies of F. fusca (showing thai il 
a migration) and numerous pupte. 1 traced a long file of k 
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bartbened with booty, for alxrat forty ynrds back, to a very thick 
clomp of beath, wbeoce I saw the last indiTidual of F. sangniriea 
emei^e, carrjjtig a pupa ; but I was Dot able to find the desolated 
nest in the thick heath. The nest, howeTer, must hare been close 
At hand. Tor two or three iudividuaU of F. fuscn were Fushing about 
in the great«9t agitation, and one was perched motionless with its 
own pupa in its moutb on the top of a spray of heath, an image 
of despair over its ravaged home. 

Such are the f»cts, though they did not need confirmation by me, 
in regard to the wonderful instinct of making aUvea. Let it bo 
observed what a contrast the inBtinctive hnbita of F. sangidneft 
present with those of the contiuental F. mft^L-riia. lite latter doei 
not bnild its own nest, does not determine Its uu'n migrations, does 
not collect food for itself or its young, and cannot even feed itself: 
it is absolutely dependent on its numerous slaves. Formics san- 
gnitiea, on the other band, possesses much fewer slaves, and in the 
early part of the summer extremely few: the masters determine 
when and where a new nest shall be formed, and when they 
migrate, the masters carry the slaves. Both in Switzerland and 
EogUnd the slaves seom to have the esclusive care of the Isrvte, 
mud the masters alone go on slave-mating expeditions. In Switzer^ 
land the slaves and masters work together, making and bringing 
materials for the nest; both, but chiefly the slaves, tend, and 
milk, as it may bo called, their aphides ; and tlius both collect 
fiwd for the community. In England the masters alone usually 
liEftfe the nest to collect bnilding materials and food fur themselves, 
their slaves and larvae. So that the masters in this country ri 
mocb less service from their slaves than ihey do in Switzerland. 

By what steps the instinct of F. sanguinea originated I will not 
pretend to conjecture. But as ants, which are not slave-makers 
will, as I have seen, carry off the pupce of other species, if scattered 
near their nests, it is possible tbnt such pupm originally stored as 
food might become developed ; nnd the foreign ants thus u: 
tionally reared would then follow their proper instincts, and do what 
work they could. If their presenco proved useful to the species 
wbich had seized them — if it wore mure advant^eous to this 
qnciea to capture workers than to procreate them — tbe habit of 
collecting pupn, originally for food, might by natunil selection be 
■tren^ened and rendered permanent for the very different piar{H<iH< 
of raiung shves. When th) instinct was once acquired, if cairieil 
roach less extent even than in our British F. sanguineo, 
wliiofa, as wu have seen, a less aided by it 
species in Switzerland, natural selection might increase and traxliry 
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tb« loitiiict — dwayi tappoang each modlficatioc U) be of use to the 
■jtcciai — until ma act wu fanned as abjecUf depeodeut DD iti 
alaveo as U ibii Furmic* nifeacecs. 

Cdl-nuikinii intlinct of tfie Hive-Bet. — I nill not bete enter on 
minute detaila on this subject, but will merely give on outline of 
tlie coiicliiBiona &t which 1 bara arrived. Be must be a dull miin 
who caa exmiiiie the exqniwte atrucRira of a comb, so beautifully 
adapted Ui it« eud, withont enthusiastic admirslion. Wo begir from 
mnthematiciant that beee have practically solved a recondite pro- 
blem, nnil liavu lunde their cells of the proper shape to hold the 
grcuiUnt pouible amount of boney, wiih the least poasiblo coo- 
BUiiiption of precious wu in their cooRLniction. It has been re- 
marked lliat a skilfnl workman with litting tools and metkSUKB, 
would find it very difficult to make cells of wax of the tree form, 
though this is etfecled by a crowd of beea working in n dark hive. 
Urwitin;! wbntcvcr insUnots you please, it seema at first quite 
Inooncolvitble buw they can make all the necessary angles and 
plaow, or oven perceive when they are correctly made. Hut tixt 
dilTiculty ia not nearly so great as it at first appears: all t'"~ 
beautiful work can be aiiown, I think, to foliow fiom a few simpi 
lostiuulA 

1 was li»l to investigate this subject by Mr. Walorliousa, who h 
ahown that tbe form of the cell stands In close relation t 
presence of ailjolnin^ cells; and the following view may, perha|d 
bo coniiidcrHl only as a modification of his theory. Lt 
to ths Rruat principle of >iradaUon, and see whether Naturo d 
not revofd to us her methiid of work. At one end of a short « 
we have hcmblivbees, which use their old cocoons to hold honey, 
sometimes adding to them short tubes of wm, and likewise making 
separata and very irregular rounded cells of wax. At the other end 
of th« caries we have the cells of the hive-bee, placed in a dotiblo 
laywi OBoh cell, as is well known, is an hexs^ual prism, with 
the basal edges of its sis sides bevelled so as to join an inverted 
pyramid, of thrve rhombs. These rhombs have certain angles, and 
tbe thma wbicli fonn the pyramidal bass of a single cell on one 
sido of llio comb enter into the composition of the bases of thren 
Biljotniug cells ou the ojiposite side. In the scries between the 
extmme [icrfurtiun of the cells of tbe hive-bee and the Bim[^dty 
of tboso uf tho himible-bee we have Iba cells of the Hextcan 
Uetipona domestic*, carefiiily described and figured by Piene Hober. 
'I*be Melipona iln-lf is intermediate in sCmcturo between tbe hive 
and buuibh' ixt^ but more nearly related to the Utter; it forma a 
■Marly regular waieik comb of cylindrical cetta, in which the yoong 
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«rs iiAtclied, mud, in additioa, latae Urge c«lls of wii:c foi boldin); 
hooey. These l&tter celli ixe tifatlj ajihchcal and uf ucuily «qunl 
■izes, Kod MG ajsregat«d mU an im^lar dibh. litat tlio iio- 
ptrUnt point to uotioe i^ that thcM oella are alnajs nude at tliat 
degree of nearoess lo each ctber that they woald have interBected 
or btokeo into eftch other if the ■pheree had been txunpletod; but 
thia is never perroittcd, the bees boilduig perftctly flat walln of wax 
between the spheres which thni CokI to intersect. Uence, each cell 
ooosists of an unti^t spbericaJ poninn. and uf two, three, or tnoni Am 
SDT&cea, accordiog aa the cell adjiniis two, three, ur mora other 
seiia. W'hta one cell rests on three other cells, which, from the 
■{AeiH being nearly of the lame size, is verj freqaently and neces- 
^nlf the caae, tbe three flat nulaoei are united into a pyramid ; 
and this pyramid, ac Babet ba« remarked. Is maniCestlj a gross Iml* 
tttkn «f tbt three-sided pyramidal b«£e of the cell of the hive-bee:. 
Aa in tbe cells of the hive-bee, so here, the three plane mr&cee In 
aaj ooa cell newmnrily enter into the oonstraction of three adjcdn- 
iog mUj). It is obvioos that the Helipona wres wax. and what 
li nxte iraponant, labour, by this maimer of building ; for the Hat 
w«Ua between the adyanin^ cells are not doable, but ate of the 
Moie thickness as the outer sj^erial portions, and yet each flat 
portion tonus a part of two cells. 

P''*!*^"'^ (HI this case, it occmred to me that if the Helipona 
bad made its epiieitt at tcone given distance from each other, and 
hadntade tbemof eqoal siiesand had amnged them ^mmetrically 
in a ^»ble layer, the reeoltiog structure would iiave been as per- 
foat as the comb of the hive-bee. Accordingly I wrote to Profenor 
Milks, of Cainbridge, and this geotneter has kindly read over the 
Ulowin^ statement, diswu ap from his infbrmatian, snd tells me 
that it is strictly ourrect : — 

If a Dumber of oqoal sjiberes be described with their centres 
idaoed in two paxallel layers ; with the centre of each sphere at the 
itiitBiTAf of radius x ^ 2, or rsdina x I'41421 (or at lome lessor 
distance), Inim the centres of the six surronnding spheres in the 
asme layo' ; and si the same distance &om tbe centres of the ad- 
Joining spheres in the other and parallel layer; then, if planes of 
inisnection between the several spheres in both lajeia be fimned. 
theie wiU result a double layer of hexagonal {rismi united together 
by Ityramidal Iaks formed of three rhomba ; and the rfaomla snd 
the aides of the heiiigonal prisms will have eroy angle identically 
the same with the best measarementa which haro been made of the 
oella of the hive-bee. Bet I bear from Frof. Wymsn, who 
a catefol moar uremenls, that the accoiacy 
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worknmnabip of the bee iuta been greallj eiasgerated ; so mach ao, 
that whatcTer the tj'pical form of the cell ma; be, it is nielf, if 

Hanoe we may safely conclmte that, if we could slightly modify 
the instincts already possessed by the Helipona, and in themselves 
itot veiy woDilerfiil, this hee would make a nructure as wonderfiillf 
perfect as that of the hive-lwe. We most sappose the Melipona to 
hare the power of forming her celts truly spherical, and of equal 
six^ ; and this nould not be very surpriaing, seeing that she already 
does so to a certain extent, and seeing what perfectly cylindrical 
borrows many insecU make Jn vood, apparently by tnmtng rannd 
oQ a fixed point. We must suppose the Melipona to arrange ber 
cells in level layers, as she already does her cylindrical ^lls; and 
we must further suppose, and this is tlie greatest dif&calty, that 
she can somehow judge accurately at what distance to stand bom 
her fellow-labourers when acvural are ranking thdr spheres; bat 
she is already so far enabled to jud^e of distance, that she always 
describes her spheres so aa to intersect to a certain eitenti aod then 
ahe unites the poinU of intersection by perfectly Sat surfaces. By 
SDcb modifications of instincts which in themselves are Dot very 
wonderfal, — hardly mure wonderful than those which gnide a 
bird to make its nest, — I believe that the hive-bee has acqtiired, 
through natnral selection, her inimitable architectural powera. 

But tlus theory can be tested by expeiimeot. Following the 
example orHcTegetmeier, I separated two combs, and pnt between 
them a long, thick, rectangular strip of wax : the bees instantly 
began to excavate minute circular fats in it; and lui they deepened 
these little jHta, they mode them wider and wider until thoy were 
converted into shallow basins, appearing to the eye perfectly true or 
parts of a sphere, and of about tJie diameter of a cell. It was moat 
interesting to observe that, wherever several bees hod begun to 
excavate these basins near together, they had begun their work at 
9Qch a distance from each other, that by the time the basins had 
■raoired the above-stated width (t. e. about the width of an ordinary 
coli), and were in depth about one sixih of the diameter of the 
sphere of which they ibrmed a port, the riona of the basins inlerwcted 
or broke into each other. As soon as this occurred, the bees ceased 
to excavate, and began to build up flat walls of wax on the lines of 
intersection between the basins, so that each hexagoual prism was 
built upon the scalloped edge of a smooth bann, instead of on the 
■traight edges of a Ihree-sideil pyramid as in the case of ordinary 
cells. 

1 tlken put into the hive, instead of a thick, rectangnlar piec« of J 
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WRX, B ihln acid narrow, tnife-cdged ridge, cobond with yennilion. 
Tlie bees inatantl; be^au oa both tiidu'S lo eiravate little basiua 
• eaoh 01 her, in ihe tamti way asbcfofi); but the ridge of wax 
was aa thin, that the buttDms uf the liasioa, if the; had been eica- 
Tal«d tu the BBUie depth as in the fornier experiment, would have 
broken into each other from the oppoaite aides. The bees, however, 
did Dut sufler this to Impjien, and Ibey stopped their eicavatioua in 
due time ; ao that the basins, aa suon as they bad been a Uttle 
deepened, came to have fl&t besea; and theae fiat baaea, fonned hy 
thin little plates of the vcnuihon wax left ungnawcd, were situated, 
aa far as the eje could jud^e. exactly along the planes of imaginary 
iuleraeclJon between the bn.--in« on the opposite aides of tlic rld^e 
of wax. In aoiue parts, onl; sraaU portions, in other pacta, large 
pOTtiona of a rhombic plate were thus left between the opposed 
lw«ii8, but the wuik, from the unnatural etate of things, had not 
lieen neatly performed. The bees must have worked at very 
aeariy the same rate in circnlarty gnawing away and deejjening 
Uie basins on both sides of the Hi^a of vermilion wax, in order to 
lure thus siicciaeded in leaving ilut plates between the basins, by 
Nof^Hng work at the pianos of iiiteraection. 

Ccnaidering how flexible thin wax is, 1 do not see that there is 
any difficulty in the bves, whiUt at wurh on thu two sides uf a strip 
of wax, perceiving when they have gnawed the wax away to the 
proper tbinneas, and then stopping their work. In ordinary combi 
it has appeared to me that the bees do not always aitcceod in work- 
ing at exactly the samu rate from the opposite sides ; for I have 
noticed half-completed rhombs at ihe base of a just-communced cell, 
which were slightly concave on one side, whore I suppose that the 
bees had oscavatt;d too quickly, and convex on the opposed side 
where the bocs liad worked loss quickly. In one well marked 
initancB, I put the comb back into the hive, and allowed the beee 
to go on working fur a Ghort time, imd again examined the cell, and 
1 found that the rhombic plate had been completed, and bod become 
feiftc&y flat : it was absolutely impossible, from the extreme tbin- 
Dwa of iho little plate, tliat Ihey could have effecti'd this by gnawing 
away the convex side ; and 1 stispHit that the bees In such cases 
stand on opposite sides and push and bend the ductile and warm 
(which as I have tried is easily done) into its proper intor- 
mediat« piano, and thus llattOD It. 

From the experiment of the ridgo of vermilion wax we can see 
tbat, if the bees were to bnild for themselves a thin wall of wax, 
they could make their cells of the proper ahape, by atanding at the 
|roper distance from each other, by excavating at the aame rat«. 
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anii by endeavouriii™ lo maka equal spherical hollows, but 
allowing the sphcrea to hreak into each other. Now beea, a 
be clearly aceo b; examimng the edge of a growing comb, do luako 
a rough, circiimfcreutial wall or riizi all round the comb; and thay 
i;naw this away from the opposite sidea, always working circularly 
as they deepen each celL 1'hey do not make ihe whole tht^ee-tided 
pyramidal base of any one coll at the same time, bat only that 
one thonibio plale which stands on the extreme growing mai^jn, or 
the two pintoa, as the case may he; and tliey never complete lbs 
upper edges of the rhombic plates, until the bexngo&al walla are 
commenced. Some of these etatements differ from tliose mads by 
the justly celebrated elder Huber, but I ani convjncod of their 
accuracy; and if I hadbj'ace, 1 could show that they are couformabla 
with oiy theory. 

Huber'a atatement, that the very £rat Cell is excavated out of a 
little parallel-aided wall of wax, ia not, as far as I have seen, strictly 
correct ; the hrat commencement having alwa,vs been a little hood 
of wax ; but I will uot here entur on details. We see how important 
a part excavation plays iu the constmclion of the cells; but H^ 
would be a great error to suppose tliat the bees cancot build up M 
rough wall of wax in the projwr position — that is, along the plana' 
of intersection between two adjoining apheres. 1 have several spe* - 
cimeuB ahowing clearly that they can do this. Even in the rude 
circtunferential rim or wall of wax round a growing comb, flexnrea 
niay sometimes be observed, corresponding in position to the planes 
of the rhombic basal plates of future cells. But the rough wall of - 
was has in every case to be finished off, by being largely gnavreil 
away on both sidea The manner in which the bees build isi 
curious ; they always make the first roogh wall from ten to twenty ' 
times thicker than the excessively thin finished wall of the cell, 
which will ulUmately be left, We shall understand bow they 
work, by supposing masons first to pile up a broad ridge of cement, 
and then to begin cutting it away equally on both sides near the 
ground, till a smooth, very thm wall is left in the middle; the 
masons always piling up tho cut-away cement, and arlding fresh 
cement on the smnmit of the ridge. We shall thus have a thin 
wall steadily grah'mi,' upward but always crowned by a gigantio 
coping From all the cells, both those just commenced and those 
completed, bein^ thua crowned by a strong coping of wax, the beea 
cao cluster and crawl over the comb without injuring the delicate 
hexagonal walls, Tliese ""alls, as Professor Miller bos kindly aacor- 
tained for me, vary greatly in thickness; being, on on average of 
Ji made near the border of the comb, j^ of an 
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inch in thickness; whrreas the basal rhomlioldal pktea arc thicker, 
nearly in tlie proportion of three to two, bavJD^ a mean thickness, 
(rem twenty-one measuremBnts, of tJj of an inch. By the above 
Kngal&T manner of building, strength is continually given to the 
oomb, with the utmost ultimate economy of wax. 

ll teams at first to add to the difficulty of UDderstanding bow 
the cells axe mado, that a multitude of bees all work together; one 
bee after workinE; a short time at one cell goini; to another, so that, 
as Huber has stated, a score of individuals n'ork even at the com- 
mencement of the first celL I was able practically lo show this 
lact, by covoritig the edges of the hexagonal walla of a single cell, 
or the extreme margin of the circumferential rim of a glowing 
oomb, with an extremely thin layer of melted vermilion wax ; and 
I invariably found tliut the colour waa most delicately diffused by 
the beos — as delicately as a iwiiiler could hate done it with his brush 
— by atoms of tlie coloured wax havin;; been taken from the apot 
on which it had been placed, and worked into the growing edges of 
the cells nil roimil. The work of coQsti-uctlon ecoms to be a sort 
of balance struck between many bees, all instinctively standing at 
the wne relative distance from each other, all trying to sweep equal 
sphdcs, and then building up, or leaving ungnawed, the planes of 
intenection between these ephcros. It was really curious to note 
in caoes of difficulty, as when two pieces of comb met at an angle, 
how often the bees would pull down and rehutld in different ways 
the wmo cell, sometimes recurring to a shape wliich they hod at 
fint rejected. 

When bees have a place on which tliey can stand in their proper 
poeitioDs for working, — for instance, on a slip of wood, placed 
directly under the middle of a comb growing downwaiils, no that 
the oomb has to be built over one lace of the slip — in this case the 
beet can lay tlie foundations of one wall of a now hexi^on, in its 
strictly proper place, projecting Ivyond the other completed cells. 
It lOfiiceB that the bcea should be enabled to stand at their proper 
relaljve dlttancea from each other and from the walls of the last 
mmpleted cells, and then, by striking imaginary s|ihcreB, they con 
bnild up a wsll intermediate between two adjoining spheres ; but, 
U te as 1 have seen, they never gnaw away and finish off the 
angles of a cell till a large part both of tliat cell and of the adjoin- 
ing colls has been built This cajiacity in bees of layiu;; down 
tinder certain circumstanci'B a rough wall in its proper place betweeu 
two jost-commenced U'lls, is important, as it bears on a fuct, which 
■oems si first subversive of the foregoing theory ; namely, tliat the 
cella OD the extreme margin of wiisp-oumba arc sometimes strictly 
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boxagonal ; but I have not space here to enter on this subject. Ncr 
doL-s there seem to me an; great difficulty in a single innect (as in 
the caas of a quten-waap) ninking bexngonal cel^ if she were to 
work aliermnely on the inside and ouiside of two or three i«ll8 com- 
mpaced at the same time, always standing at the proper relative 
diaianco from the parts of the cells just begun, sweeping spheres or 
cylinders, and building up intermediate planes. 

As natural Eelcctiou acts only by the accumulation nf slight 
modiGcationB of structure or instinct, euch proUt&ble to the itidi' 
vidual under its conditions of life, it may reasonably be asked, how 
a long and graduated succession of modiiied architectural instincts, 
all tending towards the present perfect plan of constmction, could 
have prolited the progenitors of the hive-bco ? 1 think the answer 
ia not difficult : colls constructed like those of the bee or the wasp 
gajn in strength, and save much in labour and space, and is the 
materiais of which they are constructed. With respect to the for- 
mation of wai, it is known that bees are often hard pressed to get 
auSicient nectar, and I am informed by Mr. 'I'egetmeier that it has 
been experimentally proved that Irom twelve to fifteen pounds of 
dry sugar are consumed by a hive of beos for the secretion of a 
pound of wax; so that a prodigious quantity of fluid nectar miist 
be collected and consumed by the bees in a hive for the secretion 
of the was; necessary for the constmction of their combs. More- 
over, many bees have to remain idle for many days during the 
process of secretion. A largo store of honey is indispensable to 
support a large stock of bees during tbo winter; -Ad the security 
of ike hive is known mainly to depend on a largeVamber of bees 
being supported. Hence the saving of wai by largely saving honey 
and the time consumed in collecting the honey must be an import- 
ant element of success to any family of beea. Of course the success 
of the species may be dependent on the number of its enemies, or 
parasites, or on quite distinct causes, and so he altogether inde- 
pendent of the quantity of honey which tlie bees can collect. But 
let us suppose that this latter circumstance determined, as it pro- 
bably often has determined, whether a bee allied to our humble- 
bees could exist in lai^o numbers in any country; and let us 
further suppose that the community lived through the winter, and 
coniequently required a store of honey : there con in this caae be 
no doubt that it wonld be an advantage to our imaginary humble- 
bee, if a slight modification in her instincts led her to make her 
waxen cells near together, go as to intersect a little ; for a wall in 
even to two adjoining colla would save some little labour 
Hence it would continually be more and more advao- 
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tageoiu to our hnmble-beea, it tfaej were to make their cells more 
and more regular, aearer togetber, aad a^^T^aled into a mass, like 
the cella of the Melipona ; fur in tim caw a lar^ pan of the 
bomuUug surlace of each (xU would Mrre to bound the adjoiniog 
sella, and much labour and wax would be tared. A^n, from the 
nme cause, it would be advantageous to the Melipona, if she were 
to make ber cella closer U^tber, and mote regular in every way 
llkBD at pretent ; for tben, as we have seen, the spherical auiinces 
would wboUf disappear and be replaced by plane surfaces ; and the 
lUipona would m^ a comb as perfect a« that of the bire-bee. 
Beymd this ataze of perfcctiou in architecture, natural selection 
mold not lead ; for the comb of tlie hive-bee, as far as we can see, 
m «baolutely perfect in ecanomiBiDg labour and wax. 

Thus, as I believe, the most wonderful of all known iustincls, 
that of the hive-bee, can be explained by natural selection having 
taken advantage of numerous, aoccosiivo, slight modifications of 
■unpler insbncis; natural selection having, by slow do^rcva, more 
aod more perfectly led the bees to sweep equal spheres at a given 
diatance bom each other in a double layer, and to build up and 
excavate the wax along the planes of intersection ; the bees, of 
eoHise, DO more knowing that tbey swept their spheres at one par- 
ticular distance from each otbi^r, than tbey know what are the 
teveral angles of the hexaiional prisms and of the basal rhombic 
plates ; the motive power of the process of natural selection having 
been the construction of colls of due strength and of the proper 
liae and shape for the larvse, this being eOected with the greatest 
poonble eoonomy of labour and wax ; that individual swarm which 
thus made the best cells with least Ubour, and least waste of honey 
in the secretion of wax, having succeeded beat, and having tnna- 
nitted their newly-acquired economical instincts to new swarms, 
which in their turn will have bad the best chance of succeeding in 
the struggle for existi'uce. 



It baa been objected to the foregoing view of the origin of ic 
that " the variations of structure and of instinct must have been 
simultaneous ami accurately ndjusted to each other, as a modifica- 
tion in the one without an immediate corresponding change in the 
other would have liocn fatal" 'ilie force of this objection rosla 
entirety on the assumption that the changes in the instincts and 
atructure are abrupt, I'o take as an illustntlun the case of the 
krger titmoi^se (I'arus major) alluded to in a previous chapter; 
t2 
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this bird often holds the seeds of the jew between its feet oa a 
branch, and hammere with its beak till it pets at the kemeL Now 
what special difficulty would there be in natural selection preBervina; 
all the slight individiial variations in the shape of the brak, which 
were better and better adapted to break open the seeds, until s 
beak was formed, as well conBtnictM for this porpose as that of 
the nuthatch, at the Eamc time that habit, or compulsion, or epoti' 
taneous variatiooii of taste, led the bird to become more and more 
cf » soed-eatei ? la this case tlie beak is BUppOHed to be slowly 
modiSed h; natural selection, subsequently to, but in accordance 
with, slowlj' changmg habits or tasto; but let the feet of the tit- 
mouse vary and grow larger frota correlation with the heok, or 
frou any other unknown cause, and it is not improbable that such 
larger feet would lead the bird to climb more and more until it 
acquired the remarkable climbing instinct and power of the nut- 
hatch. In this case a gradnal change of structure is supposed tc 
lead to changed instinctive habits. Q'o take one more case: few 
instincts are more ramarkuble than that which leads the swift of 
the Eastern Islands to make its uest wholly of inspissated MlivSi 
Some binis build their nests of mud, believeJ to be moistened with 
aaliva ; and one Ol' the swifts of Korth America makes its nest (u 
I have seeu) of sticks agglutmatad with snliTa,and even with fiakes 
of this substnncc. Is it then very improbable that the natural 
aelectiou of indwidnat swifts, which secreted more and more saliva, 
should at last produce a species with instincts leading it to neglect 
Other materials, and to make its Dest exclusively of inspissated 
saliva? And so in other coses. It must, however, be admitted 
that in many instances we cannot conjecture whether it was instinct 
or stniclLire which first varied. 

No doubt many instincts of very difficult explanation could 1* 
Opposed to the theory of natoral sulectiou — cases, in which we can- 
not see how an instinct could have originated ; coses, in which do 
intermediate gradntions ore known to exist; esses of instinct of 
encli Iriffing importance, that they could hardly have been acted on 
by natural selection ; cases of instincts almost identically the same 
in animals so remote in the scale of nature, that we cannot account 
for their similarity by inheritance finm a common prc^niior, and 
consequently mnst believe that they were independently acquired 
through natumi selection. I will not here cnttr on these aeToral 
cases, but will confine myself to one special difficulty, which at first 
appeared to me insuperable, and actually fatal to the whole theory. 
1 allude to the neutet« or iterile females in insecl-ciHnmunidesj 
for those neiitera olten differ widely in instinct anil 
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from bcth the males and fertile females, and yet, ln>m buing stenle, 
they caoQot propagate tbeir kind. 

The subject weli deserves lo bo discussed at great length, but I 
will bare take only a single case, ihat of working or sterile snts. 
Uotv the worhers have been reo'ttred alerile Ib a difficulty ; but not 
much greater than that of any other atrikins modiGcatioo of atruc- 
tnte; fur ii can he shown that some insecia and other articulate 
■"''"'''' in a slats of nature occasiooatly become sUirile; and it 
atwh insects had been social, and it bad been profitable lo the cnm- 
IDimity that a number should have been annually bora capable of 
work, but incapable of pr<icreation, I can see no especial difQculty 
In this hftvini! been efftcted tbroU|^ natural selection. But 1 must 
pus over this preliminary difficulty. 1'he preat dilUculty lies in 
the working ants diifering nidely from both the males and the 
fertile females in structure, as iu the shspe of the thorax, and in 
iMing destitute of wings aud sometimes of eyes, and in instinct. 
iLi br as instinct alone is concerned, the wonderrul difference In 
this respect between the workers and the perfect females, wonid 
have been better exempli6ed by the hive-bee. If a working ant or 
Other neutfir insect had been an ordinary annual, I should hnve 
unhesitatingly assumed that all its characters bad been slowly 
■rcqoired through natural selection ; namely, by individuals having 
baen bom with slight profitable roodifications, which were inherited 
by the offspring; and that these again varied and a^ain were 
■elected, and so onwards. But with the working ant we have an 
insect differing greatly from its parents, yet absolutely sterile; so 
thU it could never have transmitted successively acquired modifica* 
tioas of structure or instinct lo its prt^eny. It may well be asked 
bow is it potmible to reconcile this case with the theory of natural 
aelectiaQ? 

first, let it bo remembered that we 
both in our domestic productions and ii 
of all sorts of diffcrenceH of inherited structure which are correlated 
with certain ages, and with either sei. We have differences corre* 
lalM not only with one sex, but with that short period when the 
i«[HtidDctive system is active, as in the nuptial plumage of many 
Inrdi, and in the hooked jaws of the male salmon. We have even 
alight differences in the boms of different breeds of cattle in rela- 
tion to on artificially imiwrfect state of the male aex ; for oien of 
certain breeds have longer horns than the oxen of other bree<la, 
rektively to the length of the horns in both the bulls and eows of 
these same breeds. Hence I can see no great difficulty in any 
obaracter becoming correlated with the sterile condition of certain 
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Qiembera of insect-commUDities : the difficulty lies in iiDdetEtandiag 
iiow such correlated modifications of Blruclme could liave been 
slowly accuroulnted liy natnral Bcluction. 

TbJB difltuultj, though appearing insuperable, ia leBseoed, or, oa 
I believe, diaappears, whca it h remembered that selection may be 
applied to tbe lamily, aa well u to the individual, aud may thus 
gain the desired end. Breeders of cattle wiah the fleah and fat to 
be well marbled together : ao animal thus characIeriBed lias been 
slaughtered, but the breeder has gone wilh confidence lo tlie same 
stock and has succeeded. Buch faith may be placed in the power 
of selectiou, tliat a breed of cattle, always yielding oxen with extrv 
ordinarily loog horns, could, it is proWbU', be formed by carefully 
watching which individual bulls and cows, when matched, produced 
oxen with the longest boms ; and yet no one ox would ever have 
propagated its kind. Here is a better and real illustration : accord- 
iug to M. Verlot, some varieties of the double annual Slock from 
liaving been long and carefully selected to the right degree, always 
produce a lar^e proportion of seedlings bearing double and qnite 
bkrile flawere; ^ui the; likewiae yield aonie sitiglo ind fertile 
plants. These latter, by which alone the variety can be propagated, 
niay be compared with the fertile male and femnle ants, and the 
double sterile plants with the neuters of the same community. 
As with (he varietiL's of the stock, so with social insects, selection 
Lts been applied to the huiily, and not to tbe individual, for the 
take of gaining a serviceable end. Hence we mny conclude that 
slight modifications of structure or of instinct, correlated with tlie 
sterile condition of certain members of the community, have proved 
advantageous : conaeqiieniiy the fertile males and females hare 
Oourisbed, and transmittL-d to their fertile offspring a tendency to 
produce sterile members witii tlie some modiflcatioDs. This pro- 
cess must have been repeated many times, until that prodigious 
amount of differen<:e bctwecD the fertile and sterile females of tlie 
same species has been produced, which we nx in many social 

But we have not as yei touched on the acme of the diEGcolty ; 
namely, the tact that the neuters of stversl ants differ, not only 
from the fertile females aud males, but fr<^m each other, sometimes 
to an aUnofit incredible degree, and are thus divided into two or even 
three castes. The castes, moreover, do not commonly graduate 
into each other, but are i«rfecriy well dclined; being as distinct 
from each other as are any two species of tbe same gtnn*, or rather 
u any two geoera of the same fiimily. Thus in Eciixn, there are 
working and soldier neuters, with jans and instincts extraordinarily 




diSereoc: in CryptiKerus, the workers of one caste aloiie cttrry a 
wooderfal sort of shield on tbeir beads, tbe use of which U quite 
Dnknown: in Uie Meiicaa Myrraecocyatits, the workers of one 
caste noTiT leave the neat ; tliey are Fed by the workers of anotlier 
taai«, and they have an enonnouKly developed abdorotu which 
secretes a sort of honey, supplyin;; the place ol'tlint eicrated by Uie 
aphidts, or the domestic cattle aa they niny be called, wbich our 
Bnropean aats guard and imprisou. 

It will iodeed be thought that 1 have an averweeoiug; confidence 
in tbe priuciple of oatural selection, u-ben 1 do not admit that 
>ud) wonderful and well-eatabliBbed facts at once annihilate the 
thcoiy. In tl^e simpler cose of neut«r insects all ol one caste, 
which, as I believe, have been reodered different from the fertile 
maleB and females through natural selection, we may conclude from 
the analogy of ordioary Tariaitons, that the Huecessive, slight, pro- 
fitable mcdifications did nut first arise in all the neuters in the some 
1 some few alone; and that by the survival of the 
a with females which produced most neuters having 
the a>lvaDU^eouB modification, all the neuters ultiitintcly came to 
b« thus characterised. According U 



vitB, presenting gradations 
ot rarely, considering how 
been carefully esamiDed. 
irs of several British ant* 
I and sometimes in Kilonr ; 
be linked together by individuals 
I have myself compared perfect 
happens that the larger or 



of stractnro ; and this we do find, evei 
few neater insects out of Europe ha' 
VLr. V. Smith has shown that the nc 
differ surprisingly from each other 
and that tbe extreme forms 
taken out of tbe same at 
gndations of this kind. It 

the smaller sized workers are the most numerous ; or that both 
large and small are numerous, whilst those of an intermtdiatu uzu 
are scanty in numbers. Formica fiava has lar<:er and smaller 
workers, with some few or intenncdiate size; and, in this species, 
as Mr. V. Smith has observed, the larger workers have simple eyes 
(ocelli), which though small con be plainly distingiiishi<d, whertAS 
the smaller workers have their ocelli rudimentary. Having 
cnreruUy dinsected several specimens of these workers, 1 can aHirm 
that the eyes are far more rudimentary in the smnllcr workers than 
can be accounted for merely by their {iroportionally lesser size ; and 
1 f\iliy believe, though I dare not assert eo positively, that the 
workers of intermediate siie have their ocelli in an exactly inter- 
mediate condition. So that hero we have two bodies of sterile 
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mediate conilition. I maj disress bv adding, that if the sinallv M 
ivorkers bad been the most oseiul to tbe cotnmuoitf, and tbomf 
aiales and fomaleB had been continually selected, wUich produoed i 
more and more of the amailcr workers, until all the workers wore 
\a this condition ; ws should then have had a specie of ant with 
neuters in nearly tbe same condition aa those of Hyrmica. For 
the workers of Myrmica have not oven rudtmente of ocelli, thoush 
tlic malu and funiale ants of this genus have well-developi<d ocetlL 

! may give one other case : m confidently did 1 expect occasion- 
ally to find gradations of important structiires between tbe different 
castes of neuters in the ramo apeciee, that I gladly aTailod myself 
of Mr. F. Smith's otTt^r of numerous Bpecimeos from the same 
nest of the driver ant (Anomma) of West Africa. The reader will 
perhaps best appreciate the amount of difference in these workers, 
by my giving not the actual measorements, but a strictly accurate 
illustration : tbe diOereoce was the same as if we were to see a set 
of workmen building a house, of whom many were live feet four 
inches high, and many sixteen feet hi;;h ; hut wo must in addition 
suppose that the larger workmen bad heads four instead of thre« 
times as big as those of the smaller men, and jaws nearly live 
times as big. llie jawa, moreover, of the working ante of the 
several sizes differed wonderfully in shape, and in the form and 
number of the teeth. But the important fact for ns ia, that, 
though the workers can be groujied into castes of different sizes, 
yet they graduate insensibly into each other, as does the wjdely- 
ditferent elructure of their jaws, 1 Kpeak confidently on this 
hitter point; as Sir J. Lubbock made drawings for me, with the 
camera lucida, of the jaws which I dissected from the workers of 
the several sizes. Mr, Bales, in his interesting ' Naturalist on the 
Amazons,' has described analogous cases. 

With these facts before me, I believe that natural selwjtion, by 
acting on the fertile ants or parents, could form a species which 
should regularly produce ncutcri>, all of large size with one form 
of jaw, or all of small size with widely different jaws; or lastly, 
and this is the greatuft difliculty, one act of workers of one siie 
aud stnicture, and simultaneously another set oi workers of a dif- 
ferent size and structure ; — a graduated series having Srst been 
formed, as in the case of the driver ant, and then the extreme 
forms having bten produced in greater and trcater number^ throufh 
the survival of the [larents which geaeroted them, until uone with 
on intermediate structure were i>nxluced. 

An analogous explanation has been given by Mr. Walhtce, eC ' 
the equally complex case, of certain Malayan Dutterfliea regulait 
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appealing under two or even three diaCinct female forms ; and by 
Frite Miillar, of certain Bresilian crustaceans tikewiso aiipeariii;; 
Duder two widtly dlHticct male forma. Uut thin subject need not 
hw be diaoussed. 

I have now explained how, as I believe, ihe wonderful fact of 
two diatiuctly defined castes of sterile workers eiisling in the 
ttme nest, bolh widely ditli-'redt from each ottjer and Iroai their 
porenta, has originated. We can see how useful their {FrodiictioD 
ma; hare been to a social community of ants, on the same pTincii'le 
that the division of labour is useful to civilised man. Ants, huw- 
erer, work by inherited instincts and by inlieriied organs or tools, 
whilst man works by acquired knowled^ie and maniifactured instru- 
nwnts. But I must couress, that, with all my faith in natural 
■election, I should never have anticipated that this girinciple could 
have been eOicieut in so hi^h adegree, had not the case of these nenter 
Insects led ma to this conclusion. I have, therefore, discussed this 
case, at some little but wholly Insufficient Ivnj^h, in ordi-r to show 
the power of natural selection, and likewise because this is by for the 
most auious siJccial difficulty which my theory has euDtuntered. 
The case, also, is very iutercatin^ as it proves that with aijimals, aa 
with plautB, any amount of mollification luay be eflivteil bj the 
accumulation of numerous, slight, epontanoous variations, wlilcb 
are in any way profilable, without exercise or habit having been 
brot^ht into i>lay. For peculiar habits confined U) the workers or 
■tehle lemales, however long they might ba followt'd, could not 
jXMsibly affect the males and fertile females, which alone leave 
descendanls. 1 am suriiriscd that no one has hitherto advanced 
this demonstrative case of neuti;r insects, agaiust the well-known 
doctrine uf inherited habit, as advanced by Louiaick. 



1 have endeavoured In this chapter briefly to show that the 
mental qualitiea of our domestic animals vary, and that the varia- 
tiona are inherited. Still more briefly 1 have attempted to show 
that instincts vary slightly in a state of imtiire. No one will dis- 
pute that instincts are of the highest importance lo each animoL 
Therefore there is norealdifficnlty, under ohanginK conditions of life, 
in natural selection accumulating lo any extent slight modifications 
of instinct which are in any way useful. In many casrs habit or 
use and disuse have probably come into piny. 1 do not pretend 
that llie facts given in this chapter stn:ngtben In any great degree 
my theory I but none o( tlie cooes ol difficulty, to the best of my 
Judgment, annihilate it. Uu the other band, the fact that iiiftiucEs 
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are not always absoliitety perfect aud are liable to miBlal[es : — that 
uo iostinct can be gbowii U> have been produced for the good of 
other animalii, though aDimaU take adyaotage of tbe instmcls of 
others ; — tiiat the cation in oalural hlGlnry, of " Nstura dod Dicit 
saltum," is applicable to inatiiicta as well as to corporeal atmcture, 
and IB plainly ejtplicable on the foreaoiag views, but ia othet- 
wJBe inexplicable, — all tend to corroborate the theory o( (laturai 
aelectioii. 

This theory ia also strengthened by some iew other fncts in 
re;;anl to insliactH; as by that common cose of closely allied, bill 
distinct, apecies, wben inhabiting distant parts of the world and 
living under considerably different conditions of life, yet often 
retaining nearly Che same instincts. For instance, we can under- 
BCand, on the principle of inheritance, how it is tliat the thrush of 
tropical South America tines its nest with mud, in Che same peculiar 
manner as doea our British thrush ; bow it is that the HombillH of 
Africa and India have the same eitraordinnry instinct of plastering 
Dp and iniprisotiin^ the females in a hole in a tree, with only a 
amall bole left in the plaator lhroii);h which llie iiiale§ feed them 
and their young when hatched ; bow it is that the male n-rens 
(Troglodytes) of North America build " cock-nesls," to roost in, 
like the mates of our Kttty-wrens, — a habit wholly unlike that ol 
any otber known bird. Finally, it may not be a logical deduction, 
but to my ima^natiun it is far more ratis&ctory to look at moh 
instincts as the young cuckoo ejecting its foster-brothers, — ant* 
niaklng skves, — the latiK of ichnoumonids feeding within tbe 
live bodipK of caterpiUnrs.^not as sjiecially endowed or creali-d 
iiiatincis, but as Hmall coiinequcnccs of one general law leading lo 
the aiivinicemeni of all organic beingn, — namely, multiply, vaij 
let the litruu^est live and the weakest die. 
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OiMinctiDu Uin-teo Ihc aterititv of tint crouts and of hjbridi — Staillltr 
nrioas fa d^ree, not unlrerHil, uStcled bf dine iDtcrbriiiding, ra- 
tnoT(d bt domeilicatias — L*wa gOTcniiDe; tb« iterilltj of hj-brldi — 
Sttrilitf Qnl ■ ipcdal (ndowment. but IncidfDlal dd other diffemco, 
DOt Mcumulnled bj utunil lekcllon — Caiuw or the ilerllitj of tint 
croHU and of bybrldi — CinlUllim bolwetn the eBecta of cfaing:etl 
condiliow of lite (nd of crouing — Dimiirjihiim nod IrlniDrphfira — 
FtrliUtr or TirietiM when croued and of their moagrel ort>|>rin{ BM 
SDiTennl ^Hfbridi nod ■noDgreU comjiured Iiul<)HDdeatl]r of thet' 
fertility — Summerj. 

Tbb view cumrnonly cntertaiiiGd by natiimlints is that apccioB, when 
ititen3x»ie<l, have bccD spcctAlly endowed with surility, Id onlcr to 
prevent tlieir eonfuaion. This view cotWinly seema at first highly 
probabli-, for species livinf; to^ethiT cuulil bflnlly have been k^pc 
dUtiQct hnJ they beiii ca]isble of fret'ly crosBin);, 'i'ho subject is 
in nuaj ways iiDp^rtant for ds, more eapecially as llie Btorility of 
■pecies wlicn first crossed, and that of their hybrid offspring, ouuiiot 
Iwve bi-cn ncqaired, as I shall show, by the prpservalion of me- 
omave prufiiable de^ruui of sterility. It is an incidenial result o( 
differrucL's iu the reproductive syHtcms of tlie pateDt-specii's. 

In trealiiig this subji'CI, two classes of facts, to n large exte&t 
fiindameD rally diOerent, have genemlly been coufouQiled ; namely, 
the Rterihty of Bpccies when Grst cruued, and tlio steritily of the 
hybrids produced from them. 

Pure spccicB have of course their oTgaus of reproduction in a p-T- 
feot condition, yet when iiitcrcrmHcd Ihey produce eillicr few or nc 
oBspring. Hybrids, qd the utlier liand, have (heir reproductive 
orgaoB functioDally impotent, as may be clearly seen in the slato of 
the male element in both plants nnd animals ; though the formative 
organa themselves are perfect in stnicturc, u far as the mloroMvpe 
leveala. In the Gntt case the tuo sexual elecuenta which go to form 
the embryo are perfect ; in the second case they aru eltlinr not at all 
deTelu|)cd, or are im]jerfe<:tly di-veloped. I'his distlnctiun is im- 
portanl, when llie cause of tlie sterility, which U comt. an to tha 
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two caaes, has w ba oonsiiiired. '11* diBtinclioa jirobably haa 
sluiTcd ovur, owin)i to the BttrHJty in both casm bein^ looked t 
a special endowiiituit, beyond tbe province of our r^aaonin;; powers. 

The lertiltiy of varieties, that is of the forma known or beli 
to be deaciindud frum common parenu, when crossed, and liki 
ihe fertility of tbeir mongrel offapring, is, with reference to 
theory, of equal iLii[>arUiDce with the Btarility of species ; t 
seuma lo make a broad aod clear dUCinctton between varietita 
species. 

Dtgreet qf RUrility. — First, for the sterility of species ' 
crossed and of their hybrid offspring. It is impossible to study the 
sevenil memoirs aod works of those two conscir^ntiousand aihiiirable 
observers, Eoheiiter and Gtlrtner, who almost devoted their lives to 
this subject, without being deeply impressed with the high gene- 
rality of some degree of sterility. KOlreuter makes the rule 
universal ; but then he cuts the knot, for id ten cases in which he 
foiidd two forms, considertd by most authors as distinct species, 
quite fertile blether, he uuheaitntingly ranks them as varieties, 
lijirtner, also, mskes the rule equnlly imiverra] ; and he digputei 
the entire fertility of KClreiiter's ten cases. But in these and in 
many other cases, Giirtuet is obliged carefully to count tlie seeds, 
in order to show that there is any degree of sterility. He always 
compares the maiimiim number of seals produced by two «])ecies 
when first crossed, atid the maximum prodnced by their hybrid 
offspring, with the average number produced by both pure parant- 
species in a, state of nature. But causes of serious eiror here int«> ' 
veue : a plant, to be hybridised, must be castrated, and, what fl 
often more important, must bo secluded in order to prevent polltfl 
being bn'ught to it by insects from other plants. Nearly all th4.! 
phots Biperimenl«l ou by Giirtner were potted, and were kept in a 
cbajuber in bis house. That tlieso processes are often injurious to 
the fertility of a pl^mC cannot be doubteil ; for Gartner gives in his 
table about a score of cases of plants wliich he castrated, and 
artilicinlly fertilised with their own pollen, and (excluding all CMes 
such as the Leguminosie, in which there is an acknowledged diffi- 
culty in the manipulation) half of these twenty plants had their 
fertility in some degree impaired. Moreover, as Gartner repealndlj 
crossed some forma, such as the common red and blue pimpemeU 
(Anagallis arvensis and co;rulea), which the best biitanists rank as 
varieties, and found them absolutely sterile, we may dcubt whether 
many species are really so sterile, when intercrossed, as be believeAi 

It is ccrlain, on the Oliu hand, that the sterility of 
when crossed is so different in degree and graduates away so 
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Mtuiblj, tnd. ou the other haail, that the fertitil; of [^ure BpecU-s 
is BO ewily sffecied bj vnrious oirciuustanceB, thai (or &II {>nicticBl 
porposes it ia most difficult to say where perfect fertility ends and 
■tcrility begins. I ihiok no better evidence of tbis can be requiml 
tbftn that the two must experienced ol«crvers who have ever livti), 
namely EiJlreuler and Gartner, arrived at diametrically oppoaito 
OOmclusioas in regard to some of the very earae forms. Il is ulso 
noit instractivc to comjnre — hut I hive not since hers to enter on 
dttails — the evidence advanced by our best botanietsou Iho qui^tiim 
whether certain doubtful fnnns should be ranked as s|)e<;ies oi 
varieties, with the evidence from fertility adduced bj diSureiit 
LybridiserB, or by the same observer fruni experiments made during 
different years. It con thus be shoivn thnt neither sterility nor 
fotitity atlbrds any certain distinction between species and varieties. 
The evidence from this source graduates away, and is doubtful in 
the nme degree as is the evidence durivnl from other constitutional 
■nd structural diflerL-oces. 

In r^»rd to the sterility of hybrids in successive genemtions j 
though GSrtner was enabled lo rear some hybrids, carefully guaid- 
i&K tiiem from a eross with either pure t^rent, for six or seveo, and 
ia one cue for ten generationB, jel he asHcrts pcsitively that their 
(anility never increases, but generally decreases p-eatly and sud- 
denly. With re»j>Gct lo this decrease, it mny first be noticed thnt 
when any deviation in structure or constitalion is common to both 
IMiants, this ia ofien tmnsniitted in an au^ented degree to the 
offspring; and both sexual elements in hybrid ]ilanta ore already 
nfiected in some degree, iiat I believe that their feriUity has been 
diminished in nearly all these cases by an independent came, 
namely, by too clotie interbreeding. I have made so many experi* 
meats and collected so many facts, showinu on the one hand that 
an occasional cross with a distinct individual or vaiiety increases 
the vigour and fertility of the offspring, and on the other hand that 
▼eiy close interbreeding lessens their vigoor and fertility, thnt I 
cannot doubt the correctness of this conclusion. Hybrids are seldom 
twsed by ezperimenlalists in great niunbors; and as the i«rent- 
ipocies, or other allied hybrids, generally grow in the same gardeii, 
the visits of insects mujt be carefully prevented during the flowering 
Muon: hence hybrids, if left to themselves, will genemlly be 
fwtilised during each generation by pollen from tho same flower; 
ud this would probably be injurious to their lertihty, sliendy 
leiwned by their hybrid origin. I am slrenszthrncd in this eon- 
Tiotlon by a remarkable staiemcnt repeatedly mnde by Gttrtner, 
BUoely, tiiat if even the lesa fertile hybrids bo ariihoially rertiliaod 
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with hjbrid jxilleD uf the Hame kiod, thair Tertility, notwitluitBtii 
the frequent ill eSents from manipuUtion, aonietimes decide 
■□cresses, aud goes on increasing. Now, in the process of arttGdi 
fertilisation, pollca is as often ukeo by cbance (as I know from 
own eiperieDce) from tbe antbers of another Dower, as frcin 
anthers of the flower itself which Ja to be fertilised ; so that a craac>1 
between two flowers, ihoush probably olteii on the same plai 
would be tliua eflccied. Moreover, whenever complicaled 
meuta are in progress, so careful an observer as GSrlner would hw 
castrated his hybrids, and this would have ensured in each ge 
tioQ a cross with pollen from a distinct fiowvr, either from the 
plant or from aoother plant of the same hybrid nature. And tbi 
the strange (act of an Increase of fertility in 
lions of artiJkiaUy /ertilited hybrids, in 
apontaneoualy self-fertilised, may, as I believe, be acoouxited for 
too close intcrbreoding having been avoided. 

Ki>w let us turn to the results arrived at by a third 
enccd bybridiser, namely, the Hon. and Kev. W. Herbert. He 
as emphatic in his conclusion that some hybrids are perfectly fei 
— as fertile as tha pure iiarent-siwcies— as are Kolreuiflr and Gi 
that some degree of sterility between distinct species is a nnivf 
law of nature. He experimented on sjme of the very 
as did Gartner. The differcncs in their results may, 1 think, be 
part accounted for by Herbert's great horticultural sbill, and hy ~ 
having hot-houses at bia commnnd. Of hts many important su 
ments I will here give only a single one rts an example, wunslj) 
that "every ovule in a pod of Crinum cnpeuse fottiliied by G 
revolutum pi-odueed a placit, which i never saw to occur in a CRse 
of its natural fscundntion." So that here we have perfect or even 
more than commonly perfect fertility, in a £rst cross between two 
distinct species. 

This case of the Crinum leads mo to refer to a singular fa 
namely, that indivlduul plants of certain species of Lobelia, Vi 
bucum and Pasisiflora, t^n easily be fertilised by pollen fnim ft 
distinct 8i>eoies, but not by pollen from the same plant, though this 
pollen can be proved to be |jerfectly sound by fertilising other plants 
or species. In the genus Hippeastrum, iu Corydulis as shoAH by 
Professor Uildebrand, in various orchids as shown by Mr. Scott and 
li'ritz Miiller, alt tbe individuals are in this peculiar condition. So 
that with some species, certain abnormal individuals, and in other 
species all the iuiiividualH, can actually be hybridiscil much niure 
readily than they can be fertilised by poUen from the same individual 
pUnil To give one insLuice, a bulb of Bippeastnun aulicum fn- 
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ODCed foui flowere ; three wera fertiUsed by Herbert with their own 
polleo, and tlie foDrth was subseqneDlly IvrciliBed by the pollen of 
a compound Ljbrid descended from tbreo dislinct apeoies i the 
leaolt wu that " the ovaries of tbo three first flower* soon ceased lo 
"grow, and after a few daya perished enUrcly, whereas the pod 
** impregnated by the potleu of the hybrid Dinde vigorous gniwth 
" and rapid progress lo niaturity, and bore good seed, which vcge- 
"iBted freely." Mr. Herbert tried similar experiment during tniuiy 
Tears, and always wiih the same result, llieae cases serve to show 
on what slight and mysterious caosea the lesser or greater fertility 
of a species sometiiues dcjienda. 

The practical experimcuts of horticullnrisls, though not made 
with Bcieniific precision, deserve some notice. It is Dotorions in 
how complicated a manner the species of Pelargonium, Fiichwai, 
Calceolaria, Petunia, Rhododendron, Ac, ha^e been orossed, yet 
many of these hybrids seed freely. For instance, Herbert asserts 
that a hybrid from Cnlceolaria iotegrifolia and planta^nea, species 
moat widely dissimilar in general habit, "reproduces itxelf as per- 
fectly as if it had been a uaturol species frum the mountains of 
Chili." 1 have taken some juius to aacertiiin the degree of fertility 
of some of tlie complex aruHscs of Rboilodendrons, and I am assured 
that many of them are perfMitly fertile. Mr. C. Noble, for iniilaDce, 
infortnii me that he raises stocks fur grafting from a hybrid betweeu 
Bbod. pontioum and catawbieuse, aud that this hybrid "seeds nt 
freely as it ia possible to imagine." Had hybrids, when (kirly 
treated, always gone on decreasing in fertility in each sncoesdTe 
generaiiuu, as GiLrtncr believed to be the cose, the fact would have 
been notorious tu nursery-men. Horticulturists raise large beds of 
the same hybrid, and sucb alone are furly trvaled, for by insect 
s^ency the several individuals arc allowed lo cross freely with each 
other, and the injurioi^s influeiico of close interbreeding is thus 
prevented. Any one may readily coavincc himself of the efficiency 
(rf insect-ogoncy by oiaminiug the flowera of the more sterile kinda 
of hybrid Bho-loiiendrons, which produce no |«llen, for he will 
find 00 their stiLtmas plenty of pollen brought from other flowers. 

In regard to nuioials, much fewer eiperimenls have been care- 
ftiUj tried than with plants. If our systematic armngement* can 
be trusted, that it, if the genera of animals are as distinct from Mch 
other as are the senem of plants, then we may infer that animals 
more widely distinct iu the scale of nature can be crossed mora 
easily than in the cose of plants ; but the hybrids themselves are, 
J think, more sterile. It simuld, however, be borce m mind that, 
owing to few auiniols brn^iog freely under conUiicmeot, lew 
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experiments have been fnirly tried: for instance, the canarr-btrd 
hau bcvn croBHeii with Qinu diBtinct spt^icB of finches, but, as luti 
one of ihiae breeds freely in confincTiii'iit, we have no right to 
cipect thut lit' first crosses between them and the canary, or that 
their hybrids, should be perfectly fertile. Agnin, with respect to 
the fertility in siiccessive generaiions of the more ftrtile hybrid 
auitnals, I hardly know of an instance in which two fiimiliea of ihs . 
same hybrid have boeu raised at the same time from difierent J 
parents, so as to avoid ibe ill eOecU of close interbreeding. On tlU M 
contrary, brothers and sisters have usually been crossed in eaoll n 
mcion, in oppoaition to the constantly repeated 
avery breeder. And in tliis case, it is not at all 
surprising that the inherent sterility in the bj-brlds should have 



Althou>:h I know of hardly any thoroaghly well-aQlheoticated 
cases of perfeclty I'crtile hybrid sninmls, 1 have reason to believe 
that the hybrids from Cervnlns vaginalis and Reevesii, and from 
Fiuwianos cokhicus with P. torquatua, are pcrfecfly fertile, 
Qufttrefages states that the hybrids from two moths (Bomb^ 
cynthia and nrrindia) were proved in Paris to be Tortile inter (t 
for eight geueratiuns. It has lately been asserted that two suolL< 
distinct species as the bare and rabbit, when they can be got ta'i 
breed to;;etlier, produce ofl'apring, which ara higlity fertile wheDi 
crossed with one of the parent-species. 1'be hybrids from Ihti 
conimoD and Chinese geese (A. cygnoides), species which 
different thai they are gciiemlly ranked in dialitiot genera, have 
often bred in Ibis coimtry with either pure pnrent, and in one 
single inslanM thi'y have bred inlrr se. Q'lijg was effected by 
Jlr. Eyton, who raised two hybrids Trom the same parents, but 
from diHerent batches; and from these two birds he raised no Imi 
than eight hybrids (grandchildren of the pure (;fOfe) from one nest 
In India, however, these cross-bred geese must be far more fertile; 
for I am assured by two eminently ca[ttble judges, namely Mr. 
Illytb and Capt. Uutton, that whole flocks of these crossed 
are kept in various ports of the country ; and as they are kept for 
{Hofit, where neither pure parent-species exists, they must certainly 
be highly or perfectly fertile. 

With our domesticated animals, the various races when crx>ssed 
together are quite fertile; yet in many coses ther are descended 
from two or more wild species. From this fact we must concluds 
either that the aborigimil jiarenl-species al first producod perfectly 
fertile hybrids, or that the hybrids subsequently reared under 
n became quite fertile This latter allemaiiva, vhick 
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r WM fint propounded by Pallas, aeemt hj far tbe moat probable, aod 

I can, indeed, baidly be doubted. It is, for inntauce, almost certain 

' that our dogs are descended from Beveral wild Btocka ; yet, with 

psbaps the exception of certain indigenouB domestic dogs of Sooth 

America, all ate quite fertile together; but analogy makes me 

gnaflj donbt, whether the several aboriginal species would at first 

have fnelj bred together and have produced quite fertile hybrids. 

80 igedn I have Utely acquired decisiTe evidence that the 

CTOmed offspring from the Indian humped and oommon cattle are 

water la perfectly fertile ; and from the observations by Riitimeyer 

tex their important osteolc^ical differences, as well as from those 

, 1)7 Mr. Blytb on their differences in habits, voice, constitution, &c., 

I these two forms must be regarded as good and distinct species. 

' Ylie same remarks may be extended to the two chief races of 

the pg, 'We must, therefore, either give up the belief of the 

nniTeisal sterility of species when crossed; or wo mnst look at 

this sterility in animals, not as an indelible characteristic, bat 

•■ one capable of being remov«l by domestication. 

Finally, considering all the ascertained facia on the intercroHs- 
ing of plants and animals, it may be concluited that some degree 
of sterility, both in first crosses and in hybrids, is an extremely 
genenl reenlt ; but that it cannot, under oar present state of 
knowledge, be considered as absolutely nniversaL 

I Law governing the Slerilitif o/firit Croats and q/' IJt/bridt. 

We will now consider a little more in delai! the laws governing 
the sterility of first crosses and of hybrids. Our chief object wilt 
be to see whether or not these laws indicate that species have 
been specially endowed with this quality, in order to prevent 
thrir crossing and blending together in utter confusion. The fol- 
lowing conclusions are drawn np chiefly from Girtner's sdmiisble 
work on the hybridisation of plants. I have taken much fains 
to aioertatn how far they flpply lo animals, and, considering how 
•canty our knowleiige is in regard to hybrid animals, I have 
been surprised to End how generally the same rules apply to both 
kingdoms. 

It has been siresdy rsmarked, that the degree of fertility, both 
of first croeses and of hybrids, pradnalea from sero to perfect 
fertility. It is surprising in how many curious ways this grada- 
tioa can be shown ; but only tbe barest outline of tlie facta can 
here be given. When pollen from a plant of one family is placed 
a the stigma of a plant of a distinct family, it exerts no more 
InflneDce than so much inorgaric dost. Fnan tbii absolute zero of 



^L on the stigma 
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fertility, the polleD of diffcreot spcciu applied to tbe stigma of 
lome one species of the same geuoB, yields a perfect gradsUoD in 
tile munber of wedi prodneed, np to nearly complete or even quite 
complete fertility ; and, ai we hare seen, in certain ahnoraul caaei^ 
even to on excess of feitilit;, beyond that which the plimt'a own 
poUen produces. So in hybrids themselves, there are some which 
never have produced, and probably never would prodiioo, even with 
the pollen of tbe pure parents, a single fertile seed : hut in some of 
these cases a first trace of fertility may be detected, by the pollen 
of one of the pure parent-species causing the Sower of the hybrid t« 
wither earlier thui it otherwise would have done ; and the early 
withering of the flower is well known to ba a sign of incipient 
fertilisation. From this extreme degree of steiilit; we have wlT- 
fertiliaed hybrids producing a greater and greater nmnber of seed* 
up to perfect fertility. 

Tbe hybrids raised from two epecieft which are rery difficult 
to cross, and which rardy produce any oSspring, are generally very 
sterile ; but the parallelism between the difficulty of making a first 
cross, and the sterility of the hybrids thus produced — two claasefi of 
facts which are generally confoouded together — is by no means 
Strict. There are many cases, in which two punt species, as in the 
genos Terbascnm, can betmlted with unusual facility, and produce 
numerous hybrid-oSspring, yet these hybrids are remarkably sterile. 
On the other hand, there are species which can be crossed Tery 
rarely, or with extreme difficulty, but the hybrids, when at bst 
produced, are very fertile. Even within the Umits of the same 
genus, for instance in Dianthus, these two opposite cases occur. 

The fertility, both of first orossea and of hybrids, is more easily 
affected by uufitvourable conditions, than is that of pure spectea. 
But the fertiUty of first crosses is likewise innately variable; for 
it is not always tbe same in degree when the same two spociea are 
crossed under the same circDmstauces ; it depends in part upon the 
constitution cf the individuals which happen to have been chosen 
for the experiment. So it is with hybrids, foe their degree of 
fertility is often found to differ greatly in the several individuals 
■aised from seed out of the same capsule and exposed to the same 
donditions. 

By the term systematic affinity is meant, the general resemblanoo 
between species in structure and constitution. Now the fertility of 
first crosses, and of the hybriils produced from them, is lai^ely 
governed by their systematic affinity. This is clearly shown by 
hybrids never having been raised between species ranked by By»- 
tematisU in distinct tamiliefi ; uid on the other baud, by very 




cloiely &1Lied epecieg geuenlly cmting witb facility. But the 
cazreepoDdeoce between B^stematic affinity and the facility of 
ccDuiDg is by no mcocj strict. A multitude of cases conld be givon 
of Tery closely allied species which will cot unite, or only with 
atreme difficulty ; and on the otlier hand of very distinct spcclea 
which onitB with the utmost facility. In the same family thera 
Toaj be a genus, as Dianthus, in which very many species can most 
Kadil; be crossed ; and another genua, as tiilene, in which the most 
peraovering efforts have failed to produce between extremely cloaa 
qMoies a single hybrid. Even within the limits of the same genus, 
we meet with this same difference ; for instance, the many species of 
Nkxitiana have twen more largely crossed than the spedes of atmotl 
■ny other geniu ; but Gartner found. that N. acmninata, which la 
bM a particularly distinct species, obstinately failed to fertilise, or 
to be fertilised by no lees than eight other apeciea of Nicotiana. 
Ifsny analogous facts could be given. 

No one has been able to poiat out what kind or what amouut of 
difference, in any rew^ieable character, is sufficient to prevent two 
opecies crossing. It can be shown that plants most widely different in 
babit and general appearance, and having strongly marked differ- 
«nces in every part of the flower, even in the pollen, in the fruit, 
And in the cotyledons, can be crossed. Annual and perennial plants, 
deoiduoQB and evergreen trees, plants inhabiting different stations 
and fitted for extremely different climates, can often ba crossed 
witheaae. 

By a reciprocal cross between two species, I mean the case, 
tot inafarum, of q female-Bra being first crossed by a stalliou, and 
I than a mare by a male-ass : these two species may then be said 
I to have been reciprocally crossed. There is often tlie widest 
pnble difference in the facility of making Tecipr«»t crossed. 
Sucb cases are highly important, for they prove that the capacity 
in any two species to cross is often completely independent of their 
tyitematio affinity, that is of any difference in their structure 
oc constitution, excepting in their reproductive systems. The 
diversity of the result in reciprooil crosses between the same Iwo 
apeoM was long ago observed by Kttlreuter. To give an insItoiCG; 
Uirabilis jaUpa can easily be lertilised by the pollen of U. iongi- 
fiora, and the hybrids thus produced are sufficiently fertile; but 
Eiilreutor tried more than two bnndred times, daring eight fol- 
lowing years, to fertilise reciprocally M. longiflora with the pollen of 
M. jalapa, and utterly failed. Several otlier equally striking cases 
could bo given. Thuret has observed tlie same fact with oertain 
ir Fuel. Gitrtner, moreover, found that this diffnrenoe of 
B 2 
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fticilit; in making reciprocal orosses is extremely common in a 
\e»eeT degree. Bo boa obsiTved it even between cloBel; related 
fonns (sB Mattbiola aimua and glabra) whiob many botaniBts rank 
only as varieties. It is also a remarkable (a«t, that hybrids nuMd 
ftom reciprocal orosseH, thougb of coursa componnded of the very 
Kuna two Bpecica, the one species having first been used as the 
fatlier and then as the mother, though they rarely diSer in external 
(Aaracteis, yet generally differ in fertility in a am^l, and occa* 
nooally in a high degree. 

Several other singular rules could he given from Oitrtncr: for 
inabtnce, some species have a remarkable power of crossing with 
other epecies; other species of the same genus have a remarkable 
powOT of impressing their likeness on ihoir hybrid ofiapring j but 
these two powers do not at all necessarily go together. There are 
oertoin hybrids which, instead of having, as is usual, an intermediate 
character between their two parents, always closely resemble one of 
them ; and such hybrids, though externally so like one of their purs 
parent-species, are with rare exceptions extremely sterile. So again 
amongst hybrids wbich aro nsaally intermaliaie in stractim 
Wween their parents, exceptional and abnormal individuals some- 
times are born, which closely resemble one of theii pure parents; 
and these hybrids are almost always utterly sterile, even when the 
Otlier hybrids raised from seed from the same capsule have a con- 
siderable d^Tce of fertility. These facts show how completely the 
fertility of a hybrid may bo independent of its external resemblance 
to either pure parent 

Gonaidering the several rules now g^ven, wbich govern the 
fertility of first crosses and of hybrids, we see that when forms, 
wluch most be oonsidcrod as good and distinct species, are united, 
their fertility grodoatea from zero to perfect fertility, or even to 
fertility under certain conditions in excess; that their fertility, 
besides being eminently susceptible to favonrable and unfavonrahla 
oonditions, is innately variable ; that it is by no means alwaya 
the same in degree in the first cross and in the hybrids prodaced 
from this cross ; that the fertility of hybrids is not related to the 
degree in which they resembla in external appearance either parent ; 
and lastly, that the facility of making a first cross between any 
two species is not always governed by their systematic affinity or 
degree of resemblance to each other. This latter statement ia 
dearly proved by the difference in the result of reciprocal cresses 
between the same two species, for, according as the one species 
or the other is used as the father or the mother, there is generally 
■ome differenoe, and occasiooally tlie widest possible differecoe. 
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In the tacUitj of eSecUug an Duioti, The hybrids, i 
pudoced from reciprocal ccoeses often differ in fertility. 

Now do these complex and singular rules indicate that apeciea 
liave been endowed with aterilitj aimply to prevent their becoming 
ooafounded in nature ? 1 think not, For why should the sterility 
be so axtremciy different in degree, when Tarioue species are crossed, 
all of wh^ch we must suppose it would be eqoally important to keep 
bom blending together? Why should the degree of sterility be 
innately variable in the incUviduals of the lame species? Why 
■hould some species cross with facility, and yet produce very sterile 
hybrids ; and other species cross with extreme difficulty, and yet 
|rodnce fairly fartile hybrids? Why should there often be ea 
greftt a difference in the result of a reciprocal cross between tlie 
Bams two species 7 Why, it may cTen be asked, has (he production 
4if hybrids been permitted? To grant to species the special power 
of producing hybrids, and then to stop their further propagation by 
different degrees of sterility, not strictly related to the facility of 
the first onion between their parents, seems a strange arrangement. 

The foregoing rules and facta, on the other baod, appear (o ma 
cleuly to iodicate that the aterility both of first cruaseB and of 
hybrids is aimply incidental or dependent on unknown difference 
in their reproductive systems ; the difTerences being of so peculiar 
and limited a nature, that, in reciprocal crosses between the same 
two species, the male sexual element of the one will often freely act 
on the female sexiuil element of the other, but not in a reversed 
direction. It will be advisable to explain a little more fully by 
an example what I mean by sterility being incidental on other 
differences, and not a specially endowed quality. As the capacity 
of one plant to be grafted or budded on another la miimporlant for 
their welfare in a state of nature, I presume that no one will suppOM 
that this capacity is a tpeciaily endowed quality, but will admit that 
it 18 incidental on differences in the laws of growth of the two 
plants: We can sometimes see the reaaon why one tree will not 
take on another, from differences in their rate of growth, in tlie 
hardness of their wood, in the period of the flow or nature of their 
cap, Arc. 1 but in a multitude of cases we can assign no reasoii what- 
ever. Oreat diversity in the sise of two plants, one being woody 
and the other herbaceotia, one being evergreen and the other ded- 
duons, and adaptation to widely different climate^ do not always 
prevent tlio two grafting togother. As in hybridisation, w with 
grafting, the capacity Is limited by systematic affinity, for no one 
has been able to graft togother trees belonging to qoite distinct 
familisB; and, cm the other hand, cloeely allied species, and varietlo 
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of the same species, can mually, but not liiTariablj, be giaft«d with 
eoie. Bat tUs ca[«cit7, ae in hybridisation, is by no meftos abso- 
lutely governed by systematic affinity. Althoogh many distinct 
genera within the same Eamily have been grafted together, in other 
OBS€fl ipaoiea of the same genna will not teko on each other. The 
pear can be grafted far more readily on the quince, which is lanbed 
H a disUncC genus, than on the apple, which is a member of the 
same genus. Even different Tarietiea of the pear take with different 
d^rcea of fadlity on the quince ; so do different varieties of the 
■pricot and peach on certain varietiea of the pinm. 

As Giirtner found that there was sometimea an innate diffanmce 
in different ittdividuaii of the same two species in crossing; so 
Sageret believes this to be the case with different individnab of 
the same two species in beiug graft 
oroHBea, the lacility of effecting an 
equal, so it sometimes is !□ graftioj 
instance, cannot be grafted on the cu 
take, though with difficulty, on the gooseberry. 

We have seen that the sterility of hybrids, which have their 
reproductive organs in an imperfect condition, is ■ different can 
fnan the difficulty of nniting two pure species, which have theii 
reproductive organs perfect ; yet these two distinct claosro of 
cases run to a large extent parallel Something analogous occurs 
in grafting ; for Thouln fouud that three species of Bobinio, 
vhich seeded freely on their own roots, and which cunld be 
grafted with no great difSculCy on a fourth apedcs, when thus 
grafted were rendered barren. On the other hand, oertain species of 
Sorbus, when grafted on other species yidded twice as much fruit 
•a when on their own roots. We are reminded by this hitter feet of 
the extraotdinary cases of Eippeastmm. Passifloro, Ac, which seed 
much more freely when fertilised with the pollen of a distinct 
■pccies, thvi when fertilised with pollen from the same plant. 

We thus see, that, although there is a clear and great difference 
between the mere adhesion of grafted stocks, and the onion of 
the male and female elements in the act of reproduction, yet that 
there is a rude degree of paraJlelism in the results of grafting and of 
crosaing distinct species. And as we must look at the curions 
and complex laws governing the fscihty with which trees can be 
grafted on each other as incidental on unknown differences in their 
V^etative systems, so I believe that the still more complex laws 
governing the facility of Brat crosses are incidental on unknown 
differences in their reproductive systems. These differences in hoth 
oases, follow to a certain extent, as might have been eipectod. 
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^yitematio sffinity, bj wbich term OTery kind of resemblance snd 
dhsimikiity between organic beings ia attempted to be eipresBed. 
The fiicta by no means seem to indicate that the greater or lc«aer 
difficulty of either grafting or crossing various species bus been a 
tpecM endowment; although id the case of crossing, the difficulty 
fa u imprataut far the endurance and stability of specifio foniia, 
W in the cue of grafting it is unimportant for their welfare. 

I Origin and Caiaa of tha Sterility of first Crowes and of 

I JT^bridi. 

W At one time it appeared to me probable, as it has to others, that 

' fhe iterilitf of first crosses and of hybrids might have been atowly 
Mqoired through the natural selection of sbghtly lessened degrees 
of fertility, which, like any other variation, spontaneously appeared 
In oertaia indiTidoals of one variety when crossed with those of 
mother variety. For it would clearly be advaDtageous to two 
Tarietiee or incipient species, if they could be kept from blending 
on the same principle that, when man is selecting at the same time 
two varieties, it is necessary that he should keep thorn separate. 
Is the first place, it may be remarked that species inhabiting 
distinct i^ous ore often sterile when crossed ; noff It could clc«rlf 
bave been of no advantage to such separated species to have been 
Kodered mutually sterile, and consequently this could not have 
been effected through natural eslection ; but it may perhaps be 
aigned, that, if a species was rendered sterile with some one 
ocmpatriot, sterility with other species wonld follow as a necesaary 
contingency. In ijie second phkce, it ia almost as much opposed to 
the theory of natural selection as to that of special creation, that in 
reciprocal crosses the mate element of one form should have been 
rendered utterly impotent on a second form, whilst at the same 
time the male element of this second form is enabled freely (o 
fertilise the first form ; for this peculiar state of the reproductive 
■fstcm could hardly have been advantageous to either species. 

In considering the probability of natoral selection having come 
Into action, in rendering species mutually sterile, the greatest 
difBcnlty will be found to lie in the existence of many graduated 
■teps from sbghtly lessened fertibty to absolute sterility. It may 
te admitted Uiat it would profit on incipient species, if It were 
Kudered in some slight degree sterile when crossed with its parent 
form or with some other variety ; for thns fewer bastardised and 
deteriorated oBspriDg would be produced to commingle thi'ir blood 
with the new species in process of formation. But he who will take 
lite trouble to reflect on the step) by which this first degree of 
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■MriUiy ooold be mcresMd throng Datmal wlMitioD to that high 
degree which U commoD with to maiij species, snd which ia 
Dulversal with ipeoios which have b«cn diCerentiated to a generio 
Ot family rank, will find the subject eitraordinarily complei. 
Aflor matare roiloction it soemB to mo that this could Dot haTe been 
•flucted through natural oelectioa Take the case of any tiro 
•puuUe which, wbon crosaed, produce few and sterile oSspring ; now, 
what in tborc which oould farour the surrival of those individuals 
which happened to bo undowcd in a Blightlj higher degree with 
mutual iuCurtility, and which thua approached by one small step 
towatdi absolulo sterility? Yet an advance of this kind, if the 
theory of uatunil Bclectionbebrought to bear, must have incessantly 
ooourred with many speaies, for a multitude are mutually quitd 
barren. With sterile neuter insects we have reason to believe that 
■uodiHcatioiia in their structure and fertility have been alowly 
Kcumulated by natoral selection, from an advants^c having been 
Ihui indirectly given to the community to which they belonged 
over other oommunitios of the same epeciea ; but an individual 
k&lmal not belouging to a social community, if tendered slightly 
Merlls when crossed with some other variety, would not thus iteel/ 
ftlu any advantage or iudirecUy give any advantage to the other 
Individual* of the eame variety, thus leading to their preservation. 

Bal it would bo superfluous t« diecucs this qneation in detwlj 
fcr with plants we have oouduuve evidence that the sterility of 
BWttd •pooios tnuvt be due to eome principle, quite independent of 
Htural Mleotioa. Both Oirtacr and KSlrenter hare proved that in 
(Miera tnohidiuf; uumcroua species, a eeries cu be formed froai 
•peoina whiok when onased yield fewer and fewer aeeds, to epedea 
whioh oevei pcodooe a singla seed, but yet are aSected by the 
poUw «f oettain Mhw qieoieB, (at the gmaat awrila. It ia here 
■unlftillj tnpoMibto to aaleet Ike men itKila indiTiduala, which 
kftv* limAf attmi to yiald aaeda; » that thia Kine of sterility, 

■ Aa (mMtt bImm ia aSeotad, eaniMt ban ben gained throogb 

attoB i and fton Um laws gontning tba vanooi giadea of atanlity 
MBfaottultna thno^iMit the aumal and Tegatabh Ungdsaia, 

■ajiadfe tkat tka eaoa^w^Mwnr il narbihBtlM ama v 

rtrlhaMMKaUd 
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phynoal imposmbilitf in the aaie element reaching tbe ovule, oa 
wmld be the case with a plant having a pistil too long for Ihe pollen- 
tnbea to leach tbe OTarimn. It has also been Dbservud tliat wbitn 
the pollen of one species is placed on the stigma of a distantly aUiod 
■pedes, though the pollen-tabes protrude, they do not pmetmto the 
■tigmatic surface. Agun, the male element may reach the femala 
element but be iucapable of causing an embryo to be developed, as 
■eems to have been the case with some of Tburet's experiments on 
TnoL Ko eiplaDatioD can be given of thoao facts, any more than 
iriij certain trees cannot be grafted od others. lastly, an embryo 
tn»7 be de7«loped, aud then perish at an early period. This latter 
alternative has not been sufficiently attended to; but 1 believe, 
tnmi observations communicated to me by Ur. Hewitt, who hi4 
had great experience in hybridising pheaaautE and fowls, that tho 
cartf death of the embrjo is a very frcqneut cause of aterillty iu 
first GKeseB. Mr. Salter has recently given the results of an 
ezanunation of about 600 egp produced from varioui crowMW 
between three species of Gallus and their hybrids ; tho majority of 
these eggs had been fertilised ; and in tho majority of the fcrtiliwid 
eggE, the etabryw bod either been pwtiallr devclopol and had tbm 
perished, or had become nearly mature, but the young chickenii bad 
been unable to break through the aheU. Of the chickens which 
were bom, more than four-fifths died within the first few days, or 
■t latest weeks, " without any obvioos caose, apparently from mere 
inability to live ;" so that from the 500 eggs only twelve chicken! 
were reared. With plants, hybridised embryos probably often 
perish in a like manner ; at least it is known that hybrids raised 
bom very distinct species are eometimea weak and dwarfed, and 
perish at an early age ; of which fact Max Wichura haa rooeatly 
given some striking cases with hybrid willows. It may be here 
worth noticing that in some cases of parthenogenesis, the cmbtyoa 
within the eggs of silk moths wliich had not been fertilised, pSM 
through their early stages of development and then perish like the 
embryoe produced by a cross between distinct species. Until 
becoming acquainted with these (acta, I was unwilling to believe in 
the frequent early death of hybrid embryos ; for hybrids, when 
once born, are generally healthy and long-lived, as we see in tba 
««ae of the common mule. Uybridi, however, are difierently oir* 
cumstaoced before and after birth : when bom and iliving in a 
country where their two parents hve, they are generally plaoed under 
suitable conditions of life. But a hybrid partakea of only half of 
the nature and constitution of its mother j it may therefore before 
birth, as loug as it is nourished within its mother's womb, ot within 
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thB egg or Becd produced by the mother, lie eipoaed to conditiona 
in some degree ouauitttble, and consequently be liable to perish at 
an early period; more eapecially aa all very young beings are 
emiaoDtly Eenaitive to injurious or unuattiral conditions of life. 
Bot ftfler all, the cause more probably lies in some imperfection in 
the original act of impregnation, causini; the embryo to be im- 
perfectly developed, nUier than in the conditions to which it is 
rabaequeotly ei posed. 

In regard to tbe sterility of hybrids, in which the semsl elements 
are imperfectly developed, the case is somewhat different. I hare 
more than once alluded to a large body of facts showing that, when 
animals and plants are removed from their natural condiUooa, they 
ire extremely liable to have their reproductive syetems sarjossly 
affected. This, in fact, is the great bar to the domestication of 
animals. Between the steriUty thus superindaced and that of 
hybrids, there are many points of similarity. In both cases the 
sterility is independent of general health, and it often accompanied 
by excess of she or great luxuriance. In both cases the sterihty 
occnra in varioas degrees ; in both, the male element is tbe most 
liable to be affected; but somoiimes the female more than the 
male. In both, the tendency goes to a certain extent with sys- 
tematic affinity, for whole groups of animals and plants are rendered 
impotent by tbe same nonaturol conditions ; and whole groups 
of species tend to produce sterile hybrids. On the other hand, one 
■peciea in a group will sometimes resist great changes of conditjona 
irith nnimpairod fertility; and certain species in a group will 
produce onusnally fertile hybrids. No one can tell, till he biei, 
whether any particnlar animal will breed under confinement, or 
any exotic plant seed freely under culture ; nor can he tell till he 
tries, whothor any two species of a genus will produce more or iese 
sterile hybrids Lastly, when organic beings are placed during 
several generations under conditions not natural to them, they are 
extremely liable to vary, which seems to be partly due lo theif 
reproductive Bystems having been specially affected, though in a 
lesser degree than when sterility ensues. So it is with hybrids, for 
their offspring in successive generations are eminently liable to vary, 
as every experimentalist has observed. 

Thus wo see tbat when organic beings are [daoed under new 
and unnatural conditions, and when hybrids are prodnocd by the 
unnatural crossing of two species, the reproductive system, inde- 
pendently of the general state of health, is affected in a very 
similar manner. In tbe one case, the conditions of life have been 
disturbed, though often in so slight a denee as to be inappi-cciable 
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07 lu ; in fixe other cose, or that of hybrids, the external conditioiis 
have renuuned the same, but the orgonisaticu has been disturbed 
by two distinct structures tmd constitutions, taicluding of course tha 
tqicoductive STStema, having been blended into oce. For it ii 
■carcelj possible that two orgauisatioos should ba compoouded 
into one, without some disturbance oconiring in the development, or 
periodical action, or mutual relations of the different ports and 
ot^ns one to another or to the conditions of life. When bjbridl 
■n ablfi to breed inter k, they trsJismit to their offspring from 
genention to generation the same compoonded organisation, and 
lienee we need not bo surpriud that their sterllit]', tbongh in soma 
degree Twiable, does not diroiuisb ; it is even apt to increase, this 
being guierally the result, as before eiplaincd, of too close inter- 
breeding. The above view of the sterility of hybrids being caused 
by two oonstitutions being compounded into one has been strongly 
nuintained by Max Wichnra. 

It must, however, be owned that we cannot nnderetand, on tha 
kboTS or any other view, several facts with respect to the st«riUty 
of hybrids ; for instance, the noequal fertility of hybrids produced 
bom ledpiDcal croseee ; or tliQ increased sterility in those hy1)rid* 
which occaisioually and eicoptiooally resemble closely either para 
puent. Nor do I pretend tiiat the foregoing remarks go to tha 
loot of the matter ; no explanation is offered why an orgaiusm, 
when plaoed under unnatural conditions, is rendered sterile. AD 
that I have attempted to show is, that in two cases, in some respects 
allied, sterihty ia the common result,— in the one case Ikim the 
oonditions of life having been disturbed, in the other case from 
tlie o^anisation having been disturbed by two organisations being 



A similar parallelism holds good with on allied yet veiy different 
class of facta. It is an old and almost universal belief founded on a 
considerBble body of evidence, which I have elsewhere given, that 
slight changes in the conditions of life are beneficial to all living 
tbhigs. We see this acted on by farmers and gardeners in their 
frequent exchanges of seed, tubers, &c., from one soil or climate to 
aootber, and back agun. During the convalescence of unitniLl^, 
great benefit is derived from almost any change in their habits of life. 
Again, both with plants and auimala, there is the clearest ovidenoa 
that a cross between individuals of the same species, which differ to 
a certain extent, gives vigour and fertility to the offspring ; and 
that close interbreeding continued during seveiKl generations between 
the nearest relations, if these be kept under the same conditions of 
life, almoat always leads to decreased size, weakness, or sterility. 
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Hence it seems that, on the one hand, slight dumges in lie con- 
ditioBB of life beoeGt s)l orgnDio bsinge, and on the other bond, that 
■light crosseB, that ia cnwses between the males and females of the 
ume apecies, which have been subjected to slightly diHeretit con- 
ditions, or which have slightly varied, pve vigour and fertility (o 
the offspring. But, as we have seen, organic beings long habituated 
to certain uniform conditions under a state of nature, when Bub- 
jected, 03 under confinement, to a considerable change in their 
oanditiooa, very frequently are rendered more or less sterile; and 
we know that a cross between two forms, that have became widely 
or specifically different, produce hybrids which are almost always in 
some degree sterile. I nm fully persuaded thai this double paral- 
lelism ia by no means an accident or an illusion. He who is able 
to explain why the elephant and a multitude of other animals are 
incapable of breeding when kept under only partial confinement in 
their native country, will be able to explain the primary cause of 
hybrids being eo generally sterile. He will at the same time be 
ftble to explain how it ia that the races of some of oar domesticated 
animals, which have often been subjected to new and not uniform 
conditions, are quite fertile together, although they are deaoended 
from distinct species, which would probably have been sterile if 
Aboriginally crossed. The shore two parallel series of fact* seem 
to be connected together by some common bnt unknown bond, 
which is essentially related to the principie of life ; this principle, 
■ccotding to Mr. Herbert Spencer, being that life depends on, or 
consists ii:, the incessant action and reaction of various forces, 
which, as tbroaghout nature, are always tending towards an eqoi- 
Ilbrinm; and when this tendency is shghtly disturbed by any 
change, tlie vital forces gain in power. 

Eeciproad Simorphum and TriTTUrrphisnt. 
This anhject may be here briefiy discussed, and will be fomid to 
throw some light on hybridism. Several plant* beloi^ing to 
dietinct orders pruaent two forms, which exist in about eqoal 
QumberB and which diSer in no respect except in their reproductive 
organs ; one form having a long pistil with short stamens, the other 
a short pistil with long stamens ; the two having difi'erently siEed 
poUen-grainB. With trimorphio plants there are three forms like- 
wise differing in the lengths of their pistils and stamens, in the die 
and colour of the potlen-graina, and in some other respects ; and as 
ID each of the three forms there are two sets of atamana, the three 
forms possess aitogetber dx sets of sUmens and three kinds of 
pstila, Thew organs are so proportioned in length to each other, 
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na iatmtSity wtiA uaj b« otomd in vahow dimocpUo aaA 
I <iiiw»iiiiB phut!, wboi Utej ue illcpliiutely fiftiltsed. tltat k t^ 
piDfn takm from atuneiu not oon««pooding in b«i;bt with Um 
pirtil, difiin much in dagree, op to absolaie ud BlUr atcrilitf 1 }iiMt 
hi the HOC mui&tf u oocon in cn^ng dictiDct (pedM. Aa Um 
B of tterilitj in the Utter case d«paid« in an emiiMDt dopaa 
OD the cooditioQs of life being more or IfM GiTonnble^ •■> I kai« 

md it with ilkgitimaie tituoQi. It ii wall known that if petkn 

a distinct speciea be placed oa the stigma of a Bow«r,aad itaowB 
poUok be altemrdc, aren after a oconderabla Intarral of tliM^ 
placaJ on the num ilignia, ita action ia » strooglj pc^otanl that 
it gneraUj annihilalea the effect of the foreign poUan ; ao it ta with 
tba poUoi of tbe aereral forma of the nme >ped«% fat hgittmata 
poQea ia itrongly prepotent over iUcgitimate poUen, wbaa both an 
placed on tbe eame Bti^a. I aacertAiDeJ thia b; fcrtilJiliig MVtnl 
flotteiB, first illegitimslel)', and twentf-four hours afWrwrnrda legJU* 
natelj, with poUea t&ken from a pnultorly oobutrd rarialy, and 
all the aeedlio^ were eimikrly coloured ; thii ahowa that tha 
te^timate pollen, though applied twenty-four boora nibaeqnanllr, 
had whollj destroyed or prevented the action of the prartoiidr 
applied illegitimate pollen. Again, as in makiog reciprocal crOMM 
between the same two species, thete ia occasionally a gn<al dlfforanoa 
In tbe result, so the same thing occurs with trimorphlo planta } fc* 
Instance, the mid-styled form of Lylhnim salicaria n-iis illes't'nwtcly 
fiirtiliaed with the greatest ease by jiolloii from tha tuni;;er BlAnieni 
of the short-atyled Torm, and yielded many eoi'da; but Urn latlor 
form did not yield a single seed when fertilised by the longer 
itamens of the mid-styled form. 

Id all these respects, and in others whtoh misht be added, the 
forms of the same undoubted species when illeKJtlmataly unlHd 
behave in exactly the same manner aa do two distinct sproiea whan 
ctnased. This led me carefully lo obiwrve during f"Ur years nian^ 
aeedlings, laised from several illegitimate unions. 1'he chief result if 
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thftt tbeu illc^timate plauU, aa they maybe tailed, are not MI7 fep- 
tile. It is possiUe to raise from dimorpliic epedee, both bog-styled 
BDd eHort-fityled illegitimate plaata, and from trinorpbic pUnta all 
tliree )llegitimat« forms. ThcHe can then be proparl; imited in « 
legitimate mamier. When this is done, there is &o apparent niaaa 
why they should not yield aa man; seeda aa did theii parents when 
kgitimately fertiliaed. But such is not the case. They are all 
infertile, in various degrees ; some being so ott«rly and incurably 
■terile that they did not yield during four BeasouB a Bingle seed or 
even seed-capsule. The Bterility of these illegitimate plants, when 
imited with eaoh other in a legitimate manner, may be strictly 
ogmpared with that of hybrids when crossed inter m. If, on the 
other hand, a hybrid is crossed with either pure pareDt'specit*, the 
sterility is usually mach lessened : and so it is when an illegitimate 
plant is fertilised by a legitimate plant. In the same manner as 
the sterility of hybrids does not always run parallel with the 
difficulty of making the first cross between the two parent-species, 
so the sterility of certain illegitimate plants was ttuosually great, 
whilst the Bterility of the union from which they were derived wm 
ij no EaeftOB grtAt With hybrids raised from tha ame KeA- 
capaule the degree of sterility is innately variable, k it is in a 
marked mauncr with illegitimate planta. lastly, many hybrids are 
pTofuse and persistent flowercrs, whilst other and more stmle 
hybrids produce few flowera, and are weak, miserable dwarfs; 
exactly similar cases occur with the illegitimate offspring of vanous 
dimorphic and trimorpbic plants. 

Altogether there is the closest identity in character and behaviour 
between illegitimate plants and hybrids. It is hardly an exagge- 
latioD to maintain tiiat illegitimate plants are hybrids, prodnced 
within the limits of the same speciea by the improper union of 
certain forms, whilst ordinary hybrids are produced from an im- 
proper anion between so-called distinot apeoiea. We have also 
already seen that there is the closest similarity in all respccta 
between first illegitimate unions and first crosses between distinct 
qiecies. This will perhaps bs made more fully apparent by an 
illnstration ; we may suppose that a botatust found two well- 
marked varieties (and such occur) of the long-styled form of the 
trimorpbio Lythrum salicaria, and that he determined to try by 
crossing whether they were speciScally distinct. He would find 
that they yielded only about one-fifth of the jHXjper number of seed, 
and that they behaved in all the other alwve spoeifiod respools as if 
they had been two distinct species. But to make the case sure, he 
would raise planta from hie supposed hybridised seed, and be would 
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d that the secdlingB ware miserebl j dwarfed and atterl]' iteillt, sad 
that they behsTcd in all other respecU like ordioarj bjUda. Ho 
might then maintain that he had actual!; prorcd, in accordanoe witli 
the tnmmou view, that hie two varieties were as good and u diitiDct 
■pecies as an; in the world ; but he would be completely mistaken. 

The facta now given on dimorphic and trimorpbic phmta hb 
important, because they show us, first, that the physiolt^cal tett 
of lessened fertihty, both in first crossca and in hyluids, is DO safe 
criterion of specific distinction ; secondly, because we may conclude 
that there is some onknown bond which coDoects the infertility o( 
Ul^itimate unions with that of their illegitlmata oflspriog, and we 
are led to extend the same view to first crosses and hybridt ; 
thirdly, becanee we find, and this seems to me of especial importoDce, 
that two or three forms of the same species may exist and may 
differ in no respect whatever, either in stmctnre or in constitution, 
lelatively to extemot conditions, and yet he sterile when united in 
Mrtain ways. For we must remember that tt is the itnioa of the 
•exual dementa of individuals of the same form, for instanoe, of two 
kug^tylcd farms, which results in aterility ; whilst it ta the tmion 
of the seiQ&l elements proper ta two distinct fonng whicli U feitjle. 
Hence the case appears at firat sight exactly the reverse of what 
occurs, in the ordinary nnioos of the individuals of the same spedea 
and with crosses between distinct species. It is, however, doubtful 
whether this is really so ; but I will not enlarge on this obecora 
tnbjcct 

We may, however, infer as probable from the consideration of 
dimorphio and triroorphio plants, that the sterility of distinct 
■pecies when crossed and of their hybrid progeny, depends exda- 
Bively on the nature of theli sexual elements, and not on any differ- 
enco in their structure or general constitution. We are ahn led 
to this same condnaion by considering reciprocal crosses, in which 
the male of one species csnnot be united, or can be Dnited witli 
great diSoulty, with the female of a second apecies, whilst the 
converse cross can be effected with perfect facility. That eioellent 
observer, Gartner, likewise concluded that species when crossed are 
atertte owing to differences confined to their reprodoctive systems, 

I'trtUity <^ Varkliti when Crotted, and o^ thtir Mongni 

Offtjiring, not univenai. 

It may be nrged, as an overwhelming argament, that there mtut 

to some essential distinction between s[iocies and varieties, inasmuch 

01 the latter, however much they may differ fruiu each other in 

axtvutl appeanmce, cross with perfect ^ility, and yield perfectly 




fertile offspring. With some ciceptiom, prcseotl]' to be ^ven, I 
faUy admit that this ia tho rule. Bat tlie subject ie surrounded bj 
difficulties, for, looking t« varieties prodnoed nnder nature, if two 
forma Utherto reputed to be Tarietiea be fuund in an; degree slerite 
together, they are at once ranked by most naturalista aa Bpeciea, 
For ioatance, the bine and red pimpernel, which are conadered bj 
meat bolanifits as rarietiea, are said bj Gartner to be quite atarilA 
when oroessd, and he consequently ranku tbem u undoabted 
species. If we thus argue in a circle, the fertility of all Tarietiea 
produced under nature will assuredly have to be granted. 

If wo turn to varieties, produced, or supposed to have been pro- 
duced, under domestication, we are still involved in some doubt. 
For when it is stated, for instance, that certain South American 
indigenous domestic dogs do not readily unite with European dogs, 
the explanation which will occur to every one, and probabljr the 
true one, is that they are descended from aboriginally distinct 
species. Nevertheless the perfect fertility of so many domestio 
races, differing widely from each other in appearance, for instanc* 
those of the pigeon, or of the cabbage, U a remarkable (act; mora 
especially when wa leHect hov many spocies there are, which, 
though resembling each other most cloaely, ore utterly sterile when 
intercrossed. Several considerations, however, render the fertility 
of domestic varieties less remarkable. Id the first place, it may 
be observed that the amount of external difference between tiro 
species is no sure guide to their degree of mutual sterility, so that 
similar differences in the case of varieties would be no sure guide. 
It is certain that with species the cause lies exclusively in differ- 
ences in their sexual constitution. Now the varying conditiona 
to which domesticated animals and cultivated plants have been 
subjected, have had so little tendency towards modifying the 
reproductive system iu a manner leading to mutual sterility, that 
we bave good grounds for admitting the directly opposite doctrine 
of Pallas, namely, that such conditions generally elimiuate this 
tendency ; so that the domesticated desceudants of specie*, which in 
their natural state probably would have been in some degree sterile 
when crossed, became perfectly fertile to!;ether. With plonti, so 
lar is cultivation from giving a tendency towards sterility between 
distinct species, that in several well-authenticated cases already 
alluded to, certiun plants have been affected in an opposite manner, 
for they hare become sclf^impotent, whilst stiU retaining the 
rapacity of fertilising, and being fertilised by, other species. If 
the Pallasian doctriue of the elimination of sterility through long* 
rontinued domestication he admitted, and it can hardly be lejectedf 
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n Uw hi^wst d«gcM impnIwUa that Binikr Ma£baK 
loBg-omtinad alwold UkewiM iDdnoe thia tcodenojt thM^ la 
•Main MM^ with apccieB luviDg « peraliar ww a Ut D ti on. iMriBty 
■ight occasanaUy be thus aiued. Thus, aa I beKen^ wa can 
nndHHtuxl why with domettioUed animal. vaiictiM have not bmi 
{sodDCcd which are inaiiuUy sUtile; and wbj with plaot* Vtlj a 
few anch et » n , immediatelj to b« given, have been ob««rT«d. 

Th« Rat diEGcnltj in oar preaeat sabJACt ts not, a« it appear* to 
at, why domestic varietiea have not become mntnaUj infertile 
when aoned, lot why this has ao generally occurred with natntml 
vaoetiea, as sood as they have been pmnanently modified in a 
Miffideot degree to take rank as cpeciea. Wc are fer from predady 
knowing the cause ; not is this sorivwii};, sedng how prafeimdljr 
igmrant we are in re^rd to the normal and abnormal aotioa of 
the reproductive ayEtem. Bnt we can see that spedeB, owing to 
their Btn^le tor exist«i]G« with numerous competiton, wilt have 
been expowd dnruig long periods of time to more Bniform con- 
ditions, than have domestic Tarieties ; and this may well make a 
wide difference in the tesnlL For we know how commonly wild 
HiinHdi «id planU, when taken bvin tlieir natural c«i)ditioi» and 
aobjected to captivity, are rendered sterile; and the repradootive 
fiuiotiona of organic beings which bare always lived tinder natnnl 
conditioos woald probably in like manner be eminently sensitive 
to the inttueLce of an unnatural taooa. Domeeticated productions, 
on llie other hand, whii^h, as shown by the mere fact of their 
domegticatioQ, were not originally highly iearitive to changes ia 
their conditions of life, and which ran now generally mist with 
undiminished fertility rcgieuttd ctianges of conditions, might bo 
expected to produce vaneties, which would bo little liable to have 
their reproductive powers injurionsly affected by the act of eroesing 
with other varieties which had onginnted in a like manner. 

I have as yet spoken as if tho varieties of the inme sprairs wen 
invariably fertile when intcrcroRsed. But it is impossible to itaist 
the ovidonoe of the aiisttncH of a certain amount of sinrilily in the 
few following cases, which I will briefly abstntct. 'i'lio ovidonoa ii* 
at least us good as that from whicli we twlieve in the Htcriliiy »f a 
multitude of species. 'I'lie evidence is, also, derived froiu hoslilu 
witnesses, who in all other oasea Dunsider firtility and itnrility as 
safe cHtcrions of specific distinction. O&rtuer kept duriug sevrral 
yean a dwarf ttttid of n)ai» with yellow seeds, and a uU variety 
with red swds growing near each other in his garden ; and altliough 
tli«M plants have separated sexes, they never naturally otwsed. 
Ha then ferliiiaed thirteen Bowers of the one Iciad with pKlleo of tht 
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otber ; but only a Bingle head produced any seed, and this one 
beod produced only fire grains. Manipaliitioii in this case could 
not have been injnrious, aa the plaatB have aeparated sexes. No 
one, I believe, has aunpectol tliat thiwe varieties of maize an: 
distinct species; and it ia importaot to notice thnt the hybrid 
plants thus raised were themselvea perfectly fertile ; so that even 
G&rtner did not venture 1o consider the two varieties as ipecificolly 
distinct 

Girou de Bmaroinguea crossed three varieties of gourd, whiuh 
like the maize has sepuntiod sexes, and he asserts that their muliial 
fartiliKation is by so much the less easy as their diSereoces- are 
greater, llow far these experiments may be trusted, I know not ; 
bnt tbe forms ex;ierimeDled on are ranked by Sa^ret, who m^nly 
founds his classification by the test of infertility, as varieties, and 
Kandin has come to tbe same coucloiiion. 

The following case k far more remarkable, and seems at first 
incredible ; hut it is the result of an astucishing HQmber of eiperi- 
mentfl made during many years on nine species of Verbascum, by 
w good an observer and so hostile a witness as Gartner: namely 
that the yellow and white vuielies when crossed produce less 9eed 
than the similarly coloured varieties of tbe same sjiecleA. Moreover, 
he asserts that, when yellow and white varieties of one spmies are 
crossed with yellow and white varieties of a diitinet species, 
more seed is produced by the crosses between the similarly 
cobured flowera, than between those which are differently coloured. 
Mr. (^tt also has experimented on the species and varieties ot 
Verbasonin ; and allhauijh unable to confirm Gartner's results on 
tlie crossing of the distinct species, ha finds that the dissimilarly 
coloured varieties of the same species yield fewer seeds, in the pro- 
portion of S6 to 100, than the similarly coloured varieties. Tet these 
varieties differ in no respect except in the colour of their Sowers ; 
and one variety can sometimes be raised from the seed of another. 

K5lrenter, whoMSOCiuaey has been confirmed by every snbseqnetit 
obsBTver, has proved the remarkable fact, that one partioular 
variety of the common tobacco was more fertile than the other 
varieties, when crossed with a widely distinct species. He ex]>eri- 
mented on five forms which are commonly reputed lo be varieties, 
jnd which he testtd by the severest trial, namely, by rodprocal 
TOBses, and be found their mongrol offspring perfectly fertile, Bnt 
one of these Sve varieties, when used either as the father or mother 
and crossed with the Nicotiana gUitinosa, always yielded hybrids not 
so sterile at those which were produced from the fonr other variiitieH 
when crossed with N. glutinoso. Ueuoe the repioduotive sfstem 
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of this one Tuiety mtut hkva been in soma muinar and in wmB 
degree modified. 

From these focU it can ito longer bo uunUutied tlwt varietiei 
whi^ crossnl are invariably quite fertile, from the great difficulty 
uf ascvnainiiig ibe infertility of raxieties in a siata of nature, for 
a Hiipposed variety, if proved to be infurtiie ia any degree, wonlil 
almoat nniTersally be ranked as a species ; — from man attending 
only to external characters in his domestic varieiios, and from sncb 
varieties not having been exposed Tor very lon^ periods to uniform 
conditions of life; — frotn these several cousiderationa we may oon- 
clade that fertility does not constitnte a fundn mental distinction 
between varieties oud Hpecics when crossed. I'he general Blerility 
of crossed species may safely be looked at, not as a special acquire- 
ment or endowment, but as incidental on changes of on nnknown 
nature in their sexual elements. 

Bybridi and MottgreU compand, indepeiiden thj <if U:eir 
/ertUity. 

Independently of the question of fcrtihty, the oflspring of species 
and of varieties when crossed may be compared in several otLei 
respecla. Gartner, whoso strong wish it was to draw a distinct line 
between species and varieties, could find very few, and, ds it seems 
to mo, quite unimportant difierenccs between the so-called hybrid 
oQspnng of species, and the so-csUed mongrel offspring of varieties. 
And, on the other band, they agree most closely in many important 
respects. 

I shall here discuss this subject with extreme brevity. The most 
unportant distiooUoD is, that iu the liret generation mongrels are 
more variable than hybrids ; hut Qartner admits that bybrids fivm 
species which have bng been cultivated are often variable in the 
first generation ; and I have myself seen striking instances of Ihia 
fact, G&rtner further admits that hybrids between very olosely 
aUied species are more variable than those from very distinct 
species ; and this shows thnt the difference in the degree of Taria- 
bility graduates away. When mongrels and the more fertile hybrids 
are propagated for several generations, an extreme amount of vari.^- 
bility in the offsprii^ in both cases is notorious ; but some few 
Instances of both hybrids and mongrels long retaining a nniform 
character could be given. 'I'he variability, however. In the iucces- 
five generations of mongrels is, perhaps, greater than in hybrids. 

Thia greater variabilily In mongrels than in hybrids does not 
Hem at all surprising. For thn |Hvrent« of mongrels are viirleties, 
tuA. mostly domes^ varieties (very few ezpenmeuts huMug been 




Ined m natunl vaiietiet), tnd ttu< impUes that then Iub beoi 
It faii»bilit]r, which would often oootinr? and would atifflawi* 
I'thtt uisog [ram the Act of ctoesing. The slight VBtubOitj ol 
■ -^brida in tbe fint generatioa, id contrast with that in the ouseeeA- 

!ng ^eDentiooB, ii ■ curiouB fact uul deserrea atl^tioiL For il 
bean on the view which I liave taken of one of the caosea of 

ordinary Taiiabilityi camel;, that tbe reprodoctiTe tystera tttim 
being eminently leiuiitive to changed condilioiis of life, fails under 
3 diciunslancea to peifonn its proper fnnctioD of producing 
I .tfiipring elocely similar in all lespecta to tbe puvDl-form. Now 
I kybridi in the first generation ate descended from ■peciea(eicladin^ 
9 long-coltivated) which buve not had their leprodoctive 
:ms in any way oSecled, and they are not variable ; bot 
I'liybrids themselves have their reprodnctire s;st«zaB serioiuly 
^■ffected, and their descendaats are highly Torisble. 

But to return to oar comparison of mongrels and hybrid«: 
I 'OBrtner statca that mongrels are more liable than hybrids to rerert 
1 to either parEnt-fbnn ; but this, if it be true, is certainly only a dif- 
l 'ference in degree. Horeover, Gartner expressly states that hybrids 
from long cultivated plants are more subject to rever^uD than 
hybrids from qwcies in their natural stAte; and this probably 
BXplaine the singular difference in the results arrived at by difierent 
obterrerB : thue, Hax Wichuia doubts whether hybrids ever revert 
to tlieir parent-forme, and he cxjierimenled on uncnltivautl specie* 
of willows; whilst Naudiu, on the other hand, in£ists in tbe strongest 
terms on tiie almost universal tendency to reversion in hybrids, 
and he experimented chiefly on cultivated pUnta. Q&rtner further 
states that when any two species, althou^ most closely allied to 
each other, are crossed wiih a third species, tbe hybrids are widely 
different from each othi-r ; wbereiu, if two very distinct varieties of 
one species are srossed with aauther species, tbe hybrids do Dot 
diCFer much. But this conclusion, us far as 1 can make out, is 
founded on a single experiment ; and seems directly opposed to t:^ 
results of sevccal experiments made by Kttlreuler. 

Such alone are the unimportant dilferencos which Gilrtner is able 
to point out Itetwecn hybrid and mongrel plants. On the other 
hand, the de^j^rees and kinds of resemblance in mongrels and in 
hybrids to tliefr respective parents, more especially in hybrids pro- 
duced from nearly related species, fellow according to Giirtner the 
tame laws. When two spocies art crossed, one has sometimes a 
prepotent power of impressing its hkeneaa on the hybrid. So 1 
bdieve it to be with varieties of plants; and with animals one 
variety certainly often baa this [repotect pcwer over another 
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variety. Hybrid planU pTodiioeil from a reciprocal cross, generBlly 
reiembia each other cloiely ; and «o it is with mongrel plants frum 
■ reciprocal oruss. Both hybrids and mongrels can be reduced to 
either puro parent-form, by repeated crosses in successive gcneiatione 
with either parenL 

These several remarks are apparently applicable to animals ; but 
the subject is here much complicated, partly owing to the eiistonct- 
or secondary sexual oliaracUirs; but more especially owing to pre- 
potency in trausmiiting lifcenesa ruooiog more strongly in one sex 
than in the other, both when one species is crossed with another, 
and when one variety is crosapd with another variety. For instance. 
I think those authors are right, who maintain that the ass has a 
prepotent power over the horse, so tliat both themuleandlhehinny 
resemble more closi^ly the ass than the horse ; but that the prt^- 
poicncy runs mure strongly in the male than in the female ass, so 
that the mule, which is the ufTspring of the male ass and more, is 
mure like an aas, than is the hinny, which is the offspring of tlie 
femnle-ass and Blaltiuu, 

Much stress has been laid by some authors on the supposed &ct, 
that it is only with mimgrels that the oCfspring are not in1«nnodiate 
in cliaracter, but closely resemble one of their jiareots ; but this does 
somettmea occur with hyhri<ia, yet I grant much less frequently 
than with mongrels, l.uoking to (be cases which I have coUecteO 
of cross-bred animals cloKciy rcsemblini: one parent, the resemblances 
seem chinfly confined lo characters almost munstrou-i in their nature, 
and which have smirienly appeared — such as alhluism, melanism, 
deficiency kS tail or horns, or additional fingers and toes ; and do not 
relate lo cliaracters which have been slowly acquired through selec- 
tion. A tendency to sudden teverBions to the perrcct chainctor of 
either parent would, abio, be mucb more Ukely to occur with mongrel?, 
which are descended from varieties often soddeidy produced and 
wmi-uonstrouB in character, than with hybrids, which are descended 
from species slowly and naturally produced. On the whole, 1 
entirely agree with Dr. Prosper Lucas, who, after arranging an 
enormous body uf facta with respect to animals, comes to the con- 
clusion, that the laws of resemblance of the child to its parents arr 
the same, whether ihe two parents diflor little or much from each 
other, namuly, in the union of individuals of the same variety, or of 
different vaiieiies, or of distinct spcdea. 

Independently of the quesUon uf fertility and sterility. La all 
other nsprcts tliere aeeins to be a Keneral and close similarity in 
the offspring of ctiKised speciKS, and of crossed varieties. If we 
look at species as haviug been specialty created, and at varieties u 



having been produced hv secuQilar}' laws, this ainiilarily would tw 
an Bstonisbiog fact. But it liarmamaes perfectly with the view 
thAt there la no eesential diAtiuclion betneen Bped'« and TuietieB. 

Sammary of Chapter. m 

First croasea between forma, sufBcicntly distinct to be ranked a> M 
■peoioa, and their hybrids, are very geDerally, but not imiversally i 
■lerile. 'ITie slurility is of all degrees, and is ofttn so slight that the 
most careful espcri men tii lists have arrived at diametiically opposite 
ooDcluaions in raokiug fonos by this test Tbe sterility is innately 
VBjiable in individuals of the same species, and is emiaentlf 
susceptible to the action of favouraltle and unfafourabie conditions. 
The degree of sterility does not strictly follow systematic affinity, 
but is governed by Eoveral curious and oomplex laws. It is generally 
difierent, and sometimes widely differc^nt, in reciprocal oroBScH betwean 
the samo two s|«cies. It is not always equal in degree in a fint^ 
cross and in the hybrids produced from this croxiL U 

In the same manlier as in grafting trees, the capncity of OM 
species or variety to take on another, is incidental on liflerence^ 
generally of an unknown naEore, in their vegetative Byaiems, so Id 
crossing, the greater or less lacility of one species to unite with 
suother is jncidenlal on unknown difiercnces in their reproductive 
djstams. There is no more reason to think that species have been 
specially endowed with vorioos degrees of sterility to prevent their 
urossing and blending in mature, than Ui think that tre«9 have been 
specially endowed with various and somewhat analogous degrees 
of difficulty in being grafted together in order to prevent thein^ 
iuarohing in our forests. ■ 

The steriUty of first crosses and of their hybrid progeny has nolr^ 
been acquired throu>>h natural selection. In the case of first croasea ' 

chisf part on the early dealh of the embryo. In the case of hybrids, 
it apparently depends un their whole organisation having been 
disturbed by being compounded from two distinct forms; the 
sterility being closely allied to that which so frGi|uentIy aflects pure 
species, when ex[ioscd to new and unnatuml conditions of life. 
Be who wiU explain these latter cases will be able to explain the 
sterility of hybrids. I'his view is strongly supported by a parallelism 
r>f another kind : namely, that, firstly, slight changes in the con- 
ditions of life add to the vigour and fertility of all organic boings; 
and secondly, that the crossing of formSi which have been exposed lo 
slightly difierent conditions of Ufe or which have varied, favonia th^. ■ 
siEe, vigour, and fertility of their ofispiJug, The facts giren 01 
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rtcrilitj of tbe iilegitimatB unionB of dimorphio uid trimorpliio 
planU iLnd of their illegitimate pro^ecy, perhaps render it probable 
that Bome aakDOwn bond ia all cases coanects tho di^ree of fertility 
of Sret unions witbtbat of their ofTapriDg. TbocousideratioD of these 
foots on dimorpbisra, as well as of tbe results of reciprocal crones, 
cle&rlj IcAds to the couclusiou that tbe primary cause of the sterility 
of crassed species is oou&ncd to dlfferenocB in their sexual elements. 
But why, in the case of distinct Biieciea, the sexunl elements should 
io genirally have become mor« or less niudJSed, leading to their 
mutual infurtitity, we do duC know ; but it seems to stand in some 
doBB relation to speciw having bi^n exposed for long periods ol 
time to nearly unifonn conditions of life. 

It is out surprising that the difficulty in craasing any two species, 
ud the sterility ol* ibeir hybrid ufrs|>riDg, should in most cases oor- 
reepond, even if duo to distinct causes; for iKilh depend on the 
amount of difference between ihe species which are crossed. Hoi 
is it surprising thnt tlie ^ility of effecting a first cross, and the 
t'l-'rtility of the hybrids thus |>roducal, and the capacity of being 
grafted together — though this latter capacity ovidtotly depends on 
ividely different circumstances — should all run, to a certain extent, 
paiallot with the systemaiic affinity of the forma subjocted to expe- 
riment; for systemutic aliinily includes resemblances of all kinds. 

1^'irst crosses between forms known to be varieties, or sufficiently 
alike to be considered as varieties, and their mongrel □ffg)>ring, ar« 
very f^uuerally, but not, as is so often stated, invariably fertile. 
Nor is this almost universal and perfect fertility surprising, when 
it is remembered how liable we are to argue in a circle with resf«ct 
to varieties in k state of nature ; and when we remember that tbe 
greater nomber of Tarieiies have been produced under domestication 
by the selection of mere exl«mal differences, and that they have 
not been long exjioBed to uniform conditions of life. It shoald also 
be especially kept in mind, that long-continued domestication tends 
to eliminate sterility, and is iberetore liltle likely to induce this 
same quality. Independently of the question of fertility, in all 
other respects there is the closest general resemblance between 
hybrids and mongrels. — in their vsrinbility, in their power of 
nbeorbing each other by repeated crosses, and in tlieir inheritance 
of characters from both jisrcnl-fanns. Finally, then, although we 
are as ignorant of the precise cause of the sterility of fint crossca 
sad of Jiybrids as we ant why animals and plants removed from 
their natural conditions become sterile, yet the facts given in this 
fJuqiter do not seem to me opposed to the belief thst speoien 
nbmigiually existed aa vorietiet. 
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OHAPTEB X. 

On TBB Impebfeotjom or thk Qbolooioal 



— On the aatonl^^l 



lime, as inferrod baro the rate of denudntion and of depositiim — On 
the lapw of time a* eilimatBd bj year) — On tt« poornaas of our paleBon- 
tologieal colleetiona — On Ibe inlermittence of geological formalioua — 
On the denudation of granitic ueaa — On tbe absence of intermediaia 

specie! — On their ladden ippesraDce m the lowest tnon foaslUferoiu 
Btrata — Antiquit; of tbs hablubli aarth. 

Ik tlie siittli chapter I enntngr&ted the ciiief objections whieh loight 
be justly iir^ed n^inst the views maintained in this volume. 
Most of them have now beco discusBed. One, nnmely the dis- 
tinctness ol' sjicciiic forms, and their not being blended tt^ther 
bj innumerable transitional links, is a very obTious diSotiltjr. 
I assigned rensona why Euch links do not commonly occur at tbe 
present d&j uniler the circamstacces apparently most rnvoniable for 
their presence, namely on an extensive and continuous ai-ea with 
graduated pbyaical conditions. 1 endeavoured to sbow, that tbe 
life of each species depends in a more importHnt manner on tho 
presence oF other alrcmly delincd organic fonas, than on climate; 
and, therefore, that tbe really governing conditions of life do not 
graduate away quite insensibly like heat or moisture. I endea- 
voured, also, to show that intermediate varieties, from existing in 
lesser numbers Ihan the TormB which they comieot, will ^-eiierally 
be beaten out and eslerrainated during the conrse of further modifi- 
cation and improvement. I'bc main cause, however, of innumenhle 
inlermediate links not now occurring everywhere throughout nature, 
depeuds on the very process of natural selection, through which new 
varieties continually take the places of and supplant their parent- 
forms. But just iu pruportiou as this process of extermination his 
acted on an enormous scale, so muist the number of inlflrmediate 
varieties, wMch have formerly existed, bo truly enormona. Why 
then is not every geological fbtmation and every si 



i 



CttiP. X.] IMPERFECTION OF THE QEOLOOfCAL RECORD. 265 

such mleTmGdJikte links? Oeolt^j- Kssuredlj does not reveal anj 
each fineljr-graduated ort;aiiic chain ; and this, perhaps, is the most 
obrioit* ftiid lerious objection which can be urged agninst the theory. 
The explanation lies, as 1 believe, id tbn extreme imperfection of 
I bo geological record. 

In the first place, it should always be borne in ramd what sort 
of intermediatB forms must, on the theory, have fonnerly existed. 
1 have Ibund it difficnlt, ivLeo lookiog at aoy tno species, to avoid 
picturing to myself forms liiTeclIt/ intermediate betneen them. But 
i,his is a wholly hiae view ; we should always look fta forms inter' 
mediate between each species and a oommou but unknown pro- 
genitor; and the progenitor will generally liave differed in some 
respects from all its modified descendants. To give a simple 
illustration : the &ntail and pouter pigeons are both descended 
from the rock-pigeon; if we possessed all the intermediate varieties 
which have ever existed, we should have an cutremcly close seriea 
between both and the rock-pigeun ; but we should have no varieties 
directly inlenncdiate between the fantntl and pouter ; nont^, for 
inBtuce, combining & tall aomenliat exjoDded with a crop some- 
what enlarged, the cbaracteriKtic features of these two breeds. 
These two breeds, moreover, have become so much modified, 
that, if we bad no historical or indirect evidence regarding their 
origin, it would not have been possible to have detonnined, from a 
mere comparison of their structure with that of the Tock-pigeon, 
C. iivia, whether they had descended from this species or from soma 
other allied form, such as C. oenas. 

So with natural species, if we look to forms very distinct, for 
instance to the horse and tapir, we have no reason to suppose that 
links directly inlermediate between them ever existed, but between 
e*ch and an unknown comcion parent The common parent will 
have had in its whole organisation much general resemblance to the 
tapir and lo the horse ; but in some points of structure may have 
differed considerably from both, even perhaps more than they 
differ from each other. Hence, in all such cases, we should be 
enable to rect^nise the parent-form of any two or more species, 
even if we closely compared the structure of the {nrent with that of 
its modified descendants, unless nt the same time we had a nearly 
perfect chain of the intermediate links. 

It is just ).'OSBlble hy the theory, that one of two living forms 
mi^ht have descended from the other; for instance, a horse from a 
tapir; and in this esse liirtct intermediate links will have existed 
between them. But such a case would imply that one form had 
a very long period unaltered, whilst its desoendanta 




h^ Qudergoce a vast amount of cliaoge; and tbe priociple of ooni- 
petition between organism and arganieni, between cliild and parent, 
will render lliis a very rare event ; for in all ewes tlia new uiui 
improved forma of life t«nd to supplant tbe old and uuimproved 

By the tbeury of natural BelecLlon all living species bave ^'^'W*! 
coDnect«d wiih Uie pal^ent-sp(^cLea of each genus, \>j differeoces 
greater tlian we Bee between the nattual and domeeCia varietie> 
of tbe Eame species at tbe present day ; and these parent- 
Bpecies, now generally extinct, have in their turn been similajly- 
ci>Dne«;l«d with more ancient forms) and so on backwards, always 
converging to the common ancestor of each great class. So that 
the aiiuber of intermediate and transitional links, between ~ 
living and extinct species, must have been inconceivably great. Bi 
ueoredly, if this theory be true, such have Uved upon tbu earth. 

On the Lapse of Time, at it\f erred from the mte if Dejumlion ani 
extent of Denudation. 
Independently of our not finding fossil remains of such infinitely 
nnmcrons connecting links, it may he objected that time cannot 
have sufficed for so great an amount of orj;anic change, all change! 
having been efiected slowly. Jt is hardly possible for me to 
recall to tbe reader who Is not a practice) geologist, the facts 
leading the mind feebly to comprehend the lapse of time. He 
who can read Sir Charles Lyell's grand work on the Principles 
of Geology, which the future historian will recognise as having pro- 
duced a revolution in natnral science, itnd yet does not admit how 
vast have been the past periods ol time, may at oneo close thia 
volume. Not that it miflices to study the Principles of Geology, 
or U) read sjieclal treatises by diSorent observers on separate 
formations, and to mark how each author attempts to give an 
inadequate idea of tbe duration of each formation, or oven of each 
Btratum. We can best gain some idea of past time by knowing 
the agencies at work, and learning how deeply the surface of the 
land has been denuded, and how much sediment has been deposited. 
As Lyell has well remarked, the extent and thickness of our sedi- 
mentary formations are tbe result and the measure of the denu- 
dation which the earth's crust has elsewhere undei^one. Therefore 
' a man should examine for himself the great piles of superimpoaed 
strata, and watch the rivulets bringing down mud, and the wave* 
wearing away the sca^lifis, in order to comprehend something 
about the duration of past time, the monuments of whi ch we ie> 
all around us. 
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It U good to ^^nnde^ aloDg the coo^t, when formed of tnuderalaly 
tiEViJ rocks, and niarb the proocKs of dugradation. The tides in 
most aaea reach tlie cliQs only for a short lime tvrice a day, and 
the waves aat iuto them oa]j wheu thsj are cbiirged with «and or 
pebbles; for there is good evidence that pure water effects nothing 
in wearing away rock. At last the base of the cliB' is nndennined, 
huge fragments fall down, and these, remaining Sied, have to be 
worn away atom by atoin, until after beinj^ reduced in size thej 
tan be roUed about by the waves, and then they are more quickly 
ground iulo pebbles, sund, or mud. But Low often do we see along 
the bases of retreiiting cliffs rounded Ivulders, all thickly clothed 
by DJBrine productioiia, showing how little they are abraded and 
how Beldom thuy are rolled about ! Moreover, if we follow for a 
few miles any line of rocky cliff, which U undergoing degradation, 
we find that it is only here and there, alon> a short length or 
round a promontory, that the cliffs are at the present time suffering. 
The appearance of the surface and the vegetation show that else- 
where years have elapsed since the waters washed their base. 

We have, however, recently learnt from the obaervitiont oi 
Bainsay, in the van of many excellent observers — of Jukes, Geikie, 
CtoU, and others, tlist fiubaerial de^dntion is a much more im- 
portsnt agency than coast-sction, or the power of (he waves. The 
whole Burlaco of the land is exposed to the cheniicnl action of 
the air sod of the raia-water with its dissolved carbonic acid, and 
In odder countries to frost; the disinl^n^ted matter is carried down 
even gentle slopes during heavy rain, and U) a greater extent than 
might be supposed, especially in arid districts, by the wind; it 
ia then transported by the strenms and rivets, which when rapid 
deepoi their channels, and triturate the fragments. <Jn a tainy 
day, even in a gently undulating country, we see the effect* of 
Bubserial degradation in the muddy rills which How down every 
slope. Uessra. Itatnsay and Whitaker have ohown, and the oh< 
eervation ii a most striking one, that the great lines of escarpment 
in the Wealden district and those ranging across Enpiland, which 
formerly were looked at as ancient sea-coasts, cannot have been 
thus formed, lor each line is comi>08ed of one and the same forma- 
tion, whilst our sea-cliffs are everywhere formed by the interaectjon 
of various formations. This being the cojk, we are oampeUed to 
admit that the escarpments ewe their origin in chief port to the 
rocks of which they are composed having resisted snbaerial denu- 
dation better than the surToundin^ surlace ; this surface conae- 
qnently hiis been gradually lowered, with the lines of harder rock 
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lefc projecting. Nothing inpresitea ibo mind with the vast durvtion 
1, a<!Cording lo our idefw of time, raore forcibly than the cwi- 
n thus gained that aubacriil agencies which apparently h«t» 
Bo little power, and which eeem to work eo slowly, have produced 
great reEults, 

When thus impresaed with the slow rate at which the land is 
D away Ihrougb subaerial and littoril action, it is good, in order 
:o appreciate the past duration of time, to consider, on the one hand, 
8 of rock which have been removed over many eiten- 
as, and on the other hand tlie thickness of our sedimentu; 
formatiomi. I remember having been much struck when viewing 
volcanic islands, which have been worn by the waves and pftred 
all niULid tulo perpendicular cliffs of one or two thousand feet in 
; for the gentle siojw of the lava-atro-ims, duo to their (br- 
roerly liquid state, showed at a glance liow far the hard, rocky 
beds had once extended into the open occsn. The same story ia 
told still more plainly hy faults, — those great cracks along which 
'3 been upheaved on one side, or thrown down on 
the other, to the height or depth of thousands of feet ; for since the 
tcttet cracked, and it makes no great difference whether the up- 
heaval was sudden, or, as moat geologists now believe, was alow 
nod eifect«d hy many starts, the surface of Ihe land has been so 
OomiilBteiy pinned down that no trace of these vast dielocatfona 
la externally viaible. The Craven fault, for instance, extends for 
npwards of 30 miles, and along this iina the vertical displacement 
nf the stniUt varies from GOO to 3000 feet. Professor Bamsay has 
pahlished au account of a downthrow in Auglesea of 2300 feet; 
uid he informs me that he fully believes tlint there is one in Herio- 
cethshiro of 1^000 fi«t; yet in these oasts there is nothing on 
the turfacG of the land lo show auoh prodigious movements 
pile of rocks on either sido of the crack having been smoothly s 

On the other hand, in all parts of the world the piles of 
mentary strata are of wonderful thickness. In the Conlillera I 
mated one mass of conglumerate at t«n thousand feet ; and althooi 
conglomerates have pruhahly bueu accumulated at a qnicker ral 
than finer sediments, yet from being formed of worn and roimded 
pebbles, each of which bears the stamp of time, they are good to 
show huw slowly the muss must hnve been heaped together. Pro- 
fessor Ramsay has given me the maximum thickness, from sctoal 
measurement in most cmrs, of the successive formatioaa in different 
parts of Great Britain ; and this is the result : — ~ 
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?«]caioio ilntB (aot iDctudlDg igneoui bfdi) .. .. 57,154 

SecoDdarT itmtii 13,190 

TartiujitraU 3,340 

— Biftki:^ ftltogethar 72,584 feet ; that is, very nearly thirteen and 
three-qiurters Britisli miles, ^me of the fortnationa, which are 
lepreaenUd in Englaod by thin beds, are thousands of feet in 
thickness on tbe Continenl. Moreover, between each mccesaivn 
formatioa, we have, in the opinion of most geologrFts, blank perinda 
of enormous length. Ha that the tafty pile of sedimi'ntary rochs in 
Britain gives but an inadequate ides of the time which has elnpsed 
dnriog their accuinulatioiL The condderation of these various facts 
impresses the mind almost in the same manner a« does the viua 
endeavour to grapple with the idea of etomity. 

Nevertheless this impression is partly false. Mr. CroU, in an 
interexting paper, remarks thnt we da not err "in ibrming too great 
K Gonceplion of the length of geological periods," but in estimating 
them by years. When geologists look at Itvge and complicated 
phenomena, and then at the figure! representing several million 
yeus, the two produce & tAUlIy different effect on the cund, and 
the figures are at once pronounced too small. In regard to snhaerial 
denudation, Mr. CroU sbows, by calculating the known amount ot 
sediment annually brought down by certain rivers, relatively to theii 
areas of drainage, that 1000 feet of solid rock, as it became gradu- 
ally disintegrated, would thus bo removed from the mean level ol 
the whole area in tbe course of six million years. This seems an 
Utonishing result, and some considemtions lead to tbe gnspiciciD 
that it luay be too large, but even if halved or quartered it is still 
Teiy surprising. Few of us, however, know what a million really 
ineaui: Mr. Croli gives the following illustration : take a narrow 
•trip of paper, 83 feet 4 inches in length, and stretch it along the 
wall of a largo hall i then mark oB" at one end the tenth of an inch. 
This tenth of an inch wiU represent one hundred years, and the 
tatixe strip a million years. Hut lot it be borne in mind, in relation 
to the subject of this work, what a hundred years implies, ropre- 
aented as it is by a measure utterly insignificant in a ball of the 
above dimensions. Several eminent breeders, during a siOKle life- 
time, have WD largely modified some of the hiizher animals, which 
propagiilo their kind much more slowly than most of the lower 
, that they have formed what wel! deserves to bo called a 
r iub-breod. Few men ha\-c attended with due caro lo any one 
) than half a century, so that a hundred yean repro- 
of two breeders in aocceaslon. It is not to b« sup- 
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posad that Bpeoiea in a slate of nature ever ctutuge bo qaickly M 
domcBtic aniumla under the ^idaoce of mcthodioil selection. Tlia 
comparison would be in every way fwrer with the effects wHicli 
Ibllow from unconsclonB selection, tbat h the preservation of th« 
most useful or beautiful animalB, with no intention of mndifying 
the breed ; but by ihia proceas of imconacioua selection, TarioQB 
breedi) have been setiBibly chauged in the course of two or three 



Species, however, probably change much more slowly, and within 
the same country only a tew change at the samo time. This slow- 
ness follows from all the inbabitauts of the same country being 
already so well adapted to each other, that new places in tho poli^ 
of nature do not occur until after long intervals, dae to the occni^ 
rence of physical changes of some kind, or through the immigTBtion 
of new forma. Moreover variations or individual diSerences of the 
right luturc, by which some of the inhabitants might be belter 
(iCted to their new places under the altered circuinstancea, would 
not always occur at once. Uufortuuately we have no means ol 
determining, according to the standard of years, how long a period 
it takes lo modify b species ; but to the fiubject of tine we must 



On the foortUKqf 

Now let UB turn to our 
a paltry display we behold 
admitted by every 



our I'ai^amtotoyiaii CoUectuma. 
richest geological mnseutns, and whai 
That our collections are imperfect ' 
-k of that admirable palssonUv 



The 



lo^st, Edward I'orbes, should never be forgotten, namely, that very 
many fossil species are known and named from single and often 
broken specimens, or from a few specimens collccl«d on some one 
spot. Only a small portion of the surface of tbu earth has heen 
geologically explored, aod no part with sufficient care, as the in>- 
portant discoveries made every year in Europe prove. No organism 
wholly soft can be preserved. Shells and bones decay and disappear 
when left on the botlozn of the sea, where sediment is not aocumtt- 
lating. We probably take a quite erroneous view, when we assuiue 
that sedtmeut is being deposited over nearly the whole bed of the 
sea, at a rate sufficiently quick to embed and preserve fosul remkiiiB. 
Throughout an enormously largo proportion of the ocean, the bright 
blue tint of the water bespeaks iU purity. The many cases «L 
record of a formation conformably covered, after an immenat 
iulerval of time, by another and Uter formation, without the under- 
lying bed having suffered in the iDterval any 
plicable only on the view of the bottom of the sea not rarely lying 



I 



CiUP. X.] PAL-EONTOIMICAL COLLKCTIONS. 



271 



I 



for ages in an utuilicred condition. 'Itis remaiiui which do become 
canbedded, if in Baud or srsvel, will, when tlie beds are npraiscd, 
geai^rally be dissolved by tho percolation of rain-water charged wiih 
carbonic acid. Some of the many kinds of animnlH which \ive on 
the beach between high and low wat«r mark seem to be rarely pre- 
■erred. For instance, the Kreral s{iecie« ot the Chthamalinn (a 
Bub-family uf siasile cirripedea) coat the rocks all over the world in 
inGuite numbers : they ar^ all strictly littoral, with the exccptioo 
of a single MeditcrranBan species, which inhabits deep watrr, and 
this has been foiind fossil in Sicily, whereas not one other sppciea 
has hitherto been found in any tertiary formation ; yet it is Iniown 
that the genus Chthamalua existed during the Chalk period. Lastly, 
many great deposits rLijuiring a vast lcn<tth of tine for their anm- 
mulfltion, are entirely destitute of ui^anic rcmainii, without our being 
able to assign any reason : one of the must strikinz innancea is 
that of the Flysch formation, which consists of shale and sandstooe, 
aeveral thousand, occasiunally even six tlioiisand fcrt, in thiekness, 
and extending for ot Ivast 300 milea from Vienna to Switzerland ; 
and although this great mass has been most carefnUy searched, no 
romils, except a few ve|;etable remains, hare been Ibuiid. 

With respect lo the lerrastrial productions which lived during 
the Secondary and Palteozoic periods, it is stiperfluous to state that 
our evidence is fragmentary in an extreme degree. For inslaoce, 
nntil recently not a land shell wns known belonging to either ot 
these vact periods, with tbo exception of one apecios discovered by 
Sir C. Lyell and Dr. Dawson in the carboniferous strata of North 
America; but now land-shells have been found in tho lias. In 
regard to mammiferous remaina, a glance at the historical table 
published in Lyell's Manual will bring home the tmtb, how acci- 
dental and rare ia their preservation, far better than pages of detail. 
Nor ia their rarity surprising, when we remember how large a pro- 
portion of the bones of tertiary mammals have been discovered 
either in caves or in lacostrioe dcposiis ; and that not a cave or true 
lacustrine bed is known lielonging to the age of our secondary or 
paheoeoio formstiona. 

But the imperfection in the geological record largely results 
from another and more important cause than any of the foregoing : 
namely, from the several formations being separated from each 
other by wide intervals of time. This doctrine has been empha- 
tically admitted by many geologists and palKonlologista, who, lika 
E. Forbes, entirely diebflieve in the change of epecies. When we 
aw the fbrmatloua tAbuhiled in written works, or when we follow 
them iiinatnre,it isdinicult lo avoid believing that they are I'losely 




OoDa^outifs. But we know, for iiiBtaDce, from Sir R. Muichiarai's 
great work on Itusaia, what wide gaps tliere tre in tbul countiy 
between tlie aupe rim posed rormationg; lio it is in NorCli America, 
aod ia many otber parts of tliu woriij. The most skilful g;eologist, 
if his attentioD bad been confined excluBively lo tbese large ter- 
riloriea, would never have Huspocted that, during the periods wbicli 
were blank and barren in bi£ own couotry, [irtat piles of sedimcuti 
charged with new and pecoliar forma of life, bod elsewbere been 
accumulated. And il', in each separutij territory, hardly any idea 
can be formed of the Length of time wbicb has elapsed between the 
consecutive fonnationa, we may infer that this could nowhere be 
ascertamed. llie frequent and great changes in the miuerali^ical 
composition of oonaeautive fbnnatioos, generally implying great 
changes in the geography of the surrounding lands, whence the 
sediment was di^ved, accord with the belief of vast intervals of 
time having elapsed between «ach formation. 

We can, I think, see why the geolo^cal foRuatioDs of each region 
are almost invariably intermittent ; that is, bare not followed eadi 
other in close sequence. IScarcely any fact struck me more when 
examining many hundred miles uf the Koulh American coasts, wliicb 
have been upraised several hundred feet within the i«cent period, 
than the abseuco of any recent deposits sufficiently extensive to last 
for even a short geological period. Along the whole west coast, 
which is inhabited by a pecnliar marine faunii, tertiary heds are so 
poorly developed, that no record of several successive and peculiar 
marine faanas will probably bo preserved to a distant ago. A little 
rofiection will explain why, along the nung coast of the western 
side of South America, no extensive formations with recent or ter- 
tiary remains can anywhere be found, though tha supply of sediment 
must for ages have been great, from the enormous degradation of 
the coast-recks and from muddy streams entering the sea. The 
explanation, no doubt, is, that the littoral and sub-littoral depcdts 
are continually worn away, as soon as tliey are brought up by the 
slow and pradual rising o! the land within the grinding action of 

Wu may, 1 think, conclude that sediment must be accumulated 
in extremely thick, soUd, or extensive masses, in order lo withstand 
the incessant action of the waves, when first upraised and during 
successive □scillations of level, as well as the subsequent suliaerial 
d^radation. Such thick and extensive accumulations of sediment 
may be formed in two ways ; either in profonnd depths of the sen, 
in which case the bottom will not be inhabited by so many and 
anch varied forms of life, as the more shallow seas ; nad the n 
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wben upnuaed will give an imperfect record of the organisnui which 
OxiHted in (be neighbourhood during the period of its sccumulBtion. 
Or, Mdimoot may be depoeiled la an? thickness t^oA eilcnt over a 
■hallow bottom, if it continue slowly to aQbuida. In this latter ate, 
u long u tba rate of Bubsidence and the supply of aediment Dou-Iy 
baliuoe each other, the sea will remain Bhalloir and favounble for 
many and varied forms, nnd thus a rich fossiliferous formation, 
thick enough, when upraised, to resist a large amount of denudation, 
may be formed. 

I am convinced that nearly all our ancient formations, which are 
throughout the greater part of thtir thicknens rich in fouQi, have 
thus been formed during Bnbaidenc«. Since publishing my views 
on this subject in 1845, 1 have watched the progresR of Geology, 
and have been surprised to note how author after author, in treat- 
ing of this or that ^reat formation, has come to the conclusion that 
it was accumulated during aubeidence. 1 may add, that the only 
ancient tertiary formation on the west coast of South America, 
which baa been bulky enough to resist such d^radatiDii ai it has 
M yet auSered, but which will hardly lost to a distunt geological 
age, wu deposited during a downirard osclllatiou of level, and thuH 
gained considerablo thickncaa. 

Ail geological facts t«U us ptajnly that each area has undergone 
numerons slow oscillaUons of level, and apparently these oscillations 
have aifected wide spaces. Consequently, formations rich in fcesils 
and sufficiently thick and extensive to resist subsequent degradaliou, 
will iiave been formed over wide spaces during i>eriodB of subsidence, 
but only where the supply of sediment whs sufficient to keep the 
sea shallow and to embed and preserve the remains before they had 
time to decay. On the other hand, as long as the bed of the sen 
remains stationary, thick deposits cannot have been accumuUled 
in the shallow ports, which are the most favourable to life. Still 
less can this have happened during the allemaie periods of elevation; 
or, to speak more accurately, the bada which were then accamoUted 
will generally have been destroyed by being upraised and brought 
within the hmits of the const-action. 

'lliese remarks apply chiefly to littoral and sublltioial depoaila. 
In the case of an extensive and shallow sea, such as that within a 
large port of the Malay Archipelago, where the depth varies from 
SO or 40 to 60 fathoms, a widely extended formation might b« 
formed during a period of elevation, and yet not suffer excessively 
from denudation during its slow upheaval ; but the thickness of the 
Ciirmatiun could not be great, for owing to the elevator; movement 
it would be lest than the depth in which it ivos fomed ; nor wonld 
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and gramtio rocks exceed, in the proporti m of 19 to 12'a, the wliolo 
of the oever Palsomid (oratations. In msDy rcgioug the metamor- 
phic and granitic rocks would lie found much more widely extended 
ihiiii Cbej appear to be, if &11 the Bcdimentsry beds woreremored which 
reat uncouroniuibly un tliem, aod which could not have fonoed part 
of the original manlle under which tbey were cryBlfliliKed. Hence 
it is probable Ibat in «ome parts of the world whole formations bare 
been coniploUjly denuded, with tiot a wreck left behind. 

Ono remark ia here worth a pas»iDg notice- Duriog perioda of 
elevation the area of the land and of the Bdjoining ihonl ports of the 
sea will be increaaed, and new slations will often be formed; — all 
« favourable, as previously explwned, for the formalion 
>nd species; but during such periods there will 
feneratly be a blank in the geological record. On the other baud, 
during subsidence, the inhabited area and number of inlLabitanti 
ivill decrease (eiocplicg on the shores of a oootjuenl when first 
broken up into an nrcbipelago), and conscqaenity during subsidence, 
though there will be much extinction, few new varieties or species 
will be formed ; and it is during these ver^ periods of sabeidence, 
that the dcpo«its which are richest in foaaiU have been acciunulatcd. 

On the Ab*eiic» qf Numerota ItitermfliaU VarUtin in ony Sin^ 
i'ormatiou. 
Ttara these several considetations, it cannot be doubted that the 
geological record, viewed as a whole, is eitremely imperfect; but il 
we confine our attention to any one formation, it biwomes much 
more difficult to ondersland why we do not therein find closely 
graduati.'d varieties bntween the allied species which lived at its 
comniencemunt and at its clooe. Several cases are on record of the 
same speci«s presenting variellca in the upper and lower parts o( 
the same forma^on : thus, TrautschoUl gives a number of instances 
with Aramonili-s; and Ililg'^ndorf has described a moat curioiia cBso 
of ten graduated forms of Planorbis motlifoniiis in the sut'ceBsivi} 
brds of a fiesh-water tonuatioa in Switzerland. Altliough each 
formation has indispntably required a vast number of yean fur ita 
deposition, severnl reasons can be given why each should not com- 
monly include a graduated nnna of links between the sjiecies u hivb 
lived at its commencement and close; but I cannot assign due 
proportional weight to the following coosiduraiions. 

Aithongh each formation may mark a very long lapse of years, 
(■oh piDbubty is short compared wiih the period requisite to change 
one species into another. I am aware lliat two pahmnlolugists, 
whoas opinions are worthy of irntch defc:uuce, uuoiely Oromi and 




Woodward, bavo coacluded that the a'ler^^o duration of each for- 
matiQD is twicB or Ihrica hb loog &3 the average duration of BpeciSc 
(bnnB. But insupenthle diScultics, w it seems to me, prevent ub 
from coming to any just conclusion on this head. When we see a 
s|«cie» first appearing in the middle of any formation, it would bo 
rash in the extreme to infer that it bad not elsewhere previuoaty 
existed. So again when we Gud a species disappearing before the 
last layers have been deposited, it would be equally rash to supposu 
Ihftt it tlien became extinct. We forget how Bmatl the area of 
Europe is compared with the rest of the world ; aor have (he 
several stagea of the same formatioD throughout Europe been cor- 
related with perfect accuracy. 

Wb may safely infer that with marine animals of all kinds there 
has been a large amount of uigratiuo duo to climaial and other 
changes; and when we see a species first appearing in any fortntt- 
tion, the probability is that it only then first Imtiiigrated Into that 
area. It ia well known, for instance, that several species appeared 
somewhat oarliec in tlio palaiOKolc beds of North America than in 
tboH of Europe ; time kaviiig apparently been required for their 
DUgKCittD from the Atuericui to the European sens. In examining 
the latest dcpoaita in various quarters of tbe world, it has every- 
where been noted, that some few still existing species are comnioa 
in the deposit, but have become extinct in the immedialeiy hut- 
rounding sea ; or, conversely, that some are now abundant in the 
neighbouring sea, but are rare or absent in this particuUt deposit. 
It is an excelleot lesson to reQcct on the ascertained amouut of 
migration of the inhabitants of Europe during the glacial epoch, 
which forms only a [Art of ono whole geological period ; and like* 
wise to reflect on the changes of level, on the extreme change of 
climate, and on the great lapse of time, all included witliin this 
same glacial period. Yet it may be doubted whether, in any 
quarter of the world, sedimentary deposits, induding/bttil remaini, 
have gone on accumulating within the same area during the whole 
of this period. It is not, for instance, probable that sediment was 
deposited during the whole of tlio glacial period near the mouth of 
the Hississippi, within that limit of depth at which marine animals 
can best flourish: for we know that great geographical changes 
Ofxmrred in otherparia of America during this space of lime. When 
ituoh beds as wore deposited in shallow water neoi the mouth of the 
Miswssippi during some part of the glacial period shall have been 
upcused, oiganic remains will probably fiiBt appear and disappear 
at difierent levels, owing to the migrations of species and to geo- 
graphical changes. And in the distant future, a gcoli^t, examining 
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these bedx, would bo leinptei] to cuDclude that the avuvo dursliii: 
of tile of the embeddMl fusailB liad been less than tliat of the glacial 
p«riud, initead of having beun really hz greater, that ii, eit«ndinji: 
from before the glacial epoch to the present da^r. 

In order to get a perfect gr^dalion betwcan two forms in the upper 
snd lower parts of the aame fonoatiou, the deposit must hare i;one 
on coDtinaoiulf accumulating during a long period, Bufficiont for 
the hIow procoi of modification ; beuoo the depoait muat be a very 
thick ODe i and the species undergoing ehanga must have lived in 
the same district throughout the whole time. But tve have seen 
that a thick fonnation, fossilifrroiis tbroughonl its entire thickoesa, 
can aooumulalc only during a period of BubsifJence ; and to keep the 
depth approKJmataly the same, which is necessary that the Bams 
tnariue species may live on the same space, the supply of Bediaent 
roust nearly counlerbalaDCo the amount of subsidence. But this 
■ame movement of subsidence will i«Qd to submci^ the area 
whence the sedimeut h derived, and thus diminish the supply, 
whilst the dowraward movement continues. In fact, this nearly 
exact balanctDg between the supply of sediment and Uie unount of 
•ubaidooce is probably a rare contingency ; foe it has been observed 
by more than one pnlicontologist, that very thick deposits are 
usually barren of organic remains, except near their upper or loner 

It would seem that ench separate formation, like the whole pile 
of fonuotions in any country, bis generally been intermittent in its 
accumulation. When we see, as is so often Uie case, a formation 
oompoaod of beds of widely different raineralogical coropoeition, we 
may reasonably suspect that the process of deposition hoi been 
more or leas interrupted. Nor will the closest inspection of » for- 
mation give ns any idea of the length of time which its deposition 
may have consumed. Many instances could be given of beds only 
a few feet in thickness, representing formations, which are else- 
where thousands of feet in thickness, and which must have requireil 
an enormoos period for their accumulation i yet no one ignorant of 
this tact would have even suspected the vast lapse of time reprw 
tenlod by the thinner formation. Many cases could be given of 
the lower beds of a formation having been upraised, denuded, sub- 
Eoergod, and then re-covered by the upper beds of the same forma- 
tion, — bets, showing what wide, yet easily overlooked, inlcrt'sls 
have oacnrrod in its accumulation. In other cases wo have the 
plainest evidence in grval fossilised trees, still standing upright as 
they grew, of many long intervals of time and changes of level 
during the process of deposition, which would not have been sum- 
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pected, hnd not the treeg been preserved: tiius Sir C. Lyell and 
Dr, DansoQ found carboniferous beds 1401) feet thick in Nova 
Scotia, wjtb ancient rout-bearing strais, one above the other at no 
leBg than Biity-eigbt different levels. Hence, when the same B|>ccieH 
oocura at the bottom, middle, and lop of a formation, the proba- 
bility is that it has not lived on the lame spot during the whole 
period of deposition, but haa disappeared and reappeared, perhaps 
many times, during the same geological period. CoDsequently if it 
were to undergo a considerable amoont of modificaiioa during the 
deposition of any one geological formation, a section leould not in- 
clude all the Una intermediate gradations which must on our theory 
have existed, but abrupt, though perhaps slight, changes of form. 

It is all-important to remember that naturaliats have do golden 
rale by which to diitinguish species and varieties ; they grant 
some little variability to each speciea, but when they meet with a 
somewhat greater amount of difference between any two formB, 
they rank both as species, nuless they are enabled to connect thein 
together by the alosest intermediate gradations ; and this, rrom 
the reasons just assigned, we can seldom hope to effect in aoy one 
geological seotion. Supposing B and to be two species, and a 
third, A, to be found in an older and underlying bed ; even if A 
were strictly intermediate between B and C, it would simply be 
ranked as a third and distinct species, unless at the same time it 
coidd be closely connected by intermediate varieties with either one 
or both forms, Nor should it be forgotten, as before explained, 
that A might ho the actual progenitor of B and C, and yet would 
not necessarily be strictly lutenncdiate between them in all respecto. 
So that we might obtain the parent-species and its several modified 
descendants from the lower and apper beds of the same formation, 
and unless we obtained numerons transitional gradations, we should 
not recognise their blood-relationship, and should consequently rank 
them as distinct species. 

It is notorious on what exeeaaively slight differences many palie- 
outologists have founded their species ; and they do this the more 
readily if the specimens oome from different snb-stages of the same 
formation. Some cx[>erieuoed conchol<^sts are now sinking niany 
of the very fine species of D'Orbigny and others into the rank of 
varieties ; and on this view we do find tho kind of evidence of 
change which on tho theory we oiiglit to find. Look again at the 
later tertiary depositti, which include many shells beliovod by tho 
majority of naturalists to be identical with existing species; but 
some excellent naturalists, aa Agassiz and Pictet, maintain that atl 
these tertiary special are siiecifically distinct, though the distinction 
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U »dmitted lo bo vary alight; so thai here, unless we believe tiint 
tbese eminent natunUiatg have been misled by their imngtoations, 
and that these lale tertiary species ri'iUly |jre«cnt no dJITerenee what- 
ever from their iivitig repKBcDtatives, or uuless we admit, in oppo- 
sitioD t« the judgment of moat naturalists, that these tertiary species 
are all truly distinct from the recent, we have evidence of the frt- 
qoent occiinencB of slight mcdilications of the kind required. If 
we look to rsthet wider intervalB of time, namely, lo distinct but 
cousecutivo stages of the same great formation, we find that the 
embtddod fosnits, though univi^rsaily ranked as apeciScally difl'eivni, 
yet are far mora closely related to each other Chan are the species 
found in more widely separated formations ; so that here a^ain we 
have undoubted evidence of chacgo Ici the direction required by the 
theory; but to tliia biter subject I sbail return In the following 
obapler. 

With animaU and plants that propi^le rapidly and do not 
wauder much, there is reason lo suspect, as we have formerly set-n, 
that their varieties are generally at first local ; and that such local 
varieties do not sprmd widely and supplant their parent-rorms unlil 
they have been modified and ]*rfeolcd in some considerable degree. 
According to this view, t|je chance of discovering in a fonnatiuii in 
any one country all the early stages of transilkm between any two 
forms, is small. Tor the successive changes are supposed to have 
b«en local or contined to some one spot. Most marine animals have 
a wide range ; and we have seen that vrith plants it is those which 
have the uidcst range, that olteaest prcoent varieties i so that, with 
shells and other marine aaimalB, it is probable that those which 
had the widest range. Tor exceeding thu limits of the kuowu geo- 
logical formations of Eim>|)e, have oftenest given rise, first to local 
varieties and ultimately to new species; and this again would 
p«atly lessen the chance of our being able to trace the stages of 
transition In any one geological I'onnatiou. 

It Is B more important consideration, leading to the same result, 
as lately insisted on by Dr. Falconer, namely, that the periwl durin;; 
which each species underwent mudification, thoogh long as measured 
by yoirH, was probably short in comfiariaon with that during which 
it remained without undergoitig any change. 

It should not bo forgotten, that at the present day, with perfect 
specimens for examination, two forms can seldom be conurcieil by 
intermediate varieties, and thus proved to be the same siiecim, 
nDtil many specimens are collected from many places; and with 
(bail species this can rarely be done. Wo sbnll, perhaps, beat pvt- 
cieve the Improbability of our bebg enabled to connect species 
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by onmorouB, fine, iolermediate, foBsil links, by aaking ourselvee 
whether, foi instance, geotogistB at some Tutiire period will bs ftUo 
to prove that OUT diSerent breedB of cattle, sheep, horBes, and dogs 
ftra desceoded from a ainglo stock or from Beveral aboriginal Blocks ; 
or, again, whether certain sea^oIlB inhabitmg the shores of North 
America, which are ranked by Bome coQcbologists as distinct species 
from their European represeatatiTea, and by other coDchologista aa 
only varieties, are really varieties, or are, as it ia called, spwcifically 
disiinct. This coold be effected by the fatlue geologist only by 
his discovering in a fossil stata numerous intermediate gtsdationa ; 
and such succesa ia improbable in the highest degree. 

It has been asserted over and over again, by writers who betieTO 
in the immutability of species, that geology yields no linking forms. 
This assertion, as we shall ace in the next cbaptei, is ceHiunly 
erroneous. Aa Sir J. Lubbook has remarked, " Every species is a 
link between other allied forma." If we take a genua having a score 
of species, recent and extinct, and destroy four-fiftha of them, na 
one doubts that the remainder will stand much more distinct from 
ewh Other, If the extrctno (brma in the genuB happen to havo 
been thus destroyed, the genus itself will stand more distinct &oiti 
other allied geoeia. Wliat geological research baa not revealed, ia 
the former existence of inQnit«!y numerous gradationa, as fine aa 
existing varieties, connecting together nearly all existing and extinct 
■pecies. But this ought not (o be expected ; yet this has been 
repeatedly advanced as a most serious objection against my views. 

It may be worth while to Bum up the foregoing remarks on tho 
eauBes of the imperfection of the geological record under an imagi- 
nary illustration. The Malay Archipelago is about the aiee of 
Europe from the North Cape to the Hediteirauean, and from Britain 
to fiussia ; and therefore equals all the geological formations which 
have been examined with any accuracy, excepting those of the 
United States of America. I fully ^ee with Mr. Oodwln-Auslen, 
that the present conditionof the Malay Archipelago, with ita num»- 
tons large ialaoda separated by wide and shallow seas, probably 
reprssents the former state of Europe, whilst most of our fonnatioDs 
were accumulatii^. The Malay Archipelago is one of the richest 
regioDS in organic beings; yet if all thu species were to be collected 
which have over lived there, how imperfectly would they represent 
the natural history of the world I 

But we have every reason to believe that the terrestrial pro- 
duetiona of the arobipelapu would be preserved ia an extremely 
imperfect manner in the formationB which we suppose to be ihoro 
Bocaniubting. Not many of the strictly Uttural uiimak, or of 
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those ■which lived on nuked aubtiinrine rockB, would bo utnbcdded ; 
ftod thow embedded in gravel or sand would not eodure to n diataot 
epoch. Wheraver Mdiment did not scciiiuulata on the bed of the 
M*, or where it did not accumulate at a sufficient rate to protect 
organic bodies from decay, no remains could be preserred. 

iTormationg rich in foBaiia of many kinds, and of thicknes* 
Bufficiont to last to an age aa distant in fotiuity as the secondary 
(urmatious lie iu the past, would generally be formed in the archi' 
pelago only dnriuy periods of subsidence. These periods of 
■ubsidoncB woold be separatod from each other by imtnense Inter- 
Tals of time, durin;; which the area would be cither sUtionary or 
rising ; vhilst rising, the fossiliferous formaCluns on the steeper 
shoros would be destroyed, almost as soon as nccnmutated, by 
the incessant ooast'^ctioii, a« we now see on the shoicia of Bonib 
America. Even thruughont the extensive and shallow seas within 
the archipelago, sedimentary beds could hardly be accumulated of 
great thickness during the periods of elevation, or become capped 
Bud protected by subsequent deposits, so as to have a good chance 
of enduring to it very dialant luture. DurioK the periods of sub- 
aidence, there would probably be much estioction of life ; during 
the periods of elevation, there would be much variation, but the 
geological record would then be less perfect. 

It may be doubted whether 'he duration of any one great period 
of eubsideuce over the whole or is.rt of the archipelago, ti^ether 
with a contemporaneouH accumulnlion of sediment, would mxeed tlie 
average duration of ihe same specific forms ; and these contingen- 
cies are indispeiuabte for the preservation of all the transitional 
gradations between any two or more species. If snch gradations 
were not all fully preserved, transitional varieties would merely 
appear as so many new, though closely allied species. It is also 
probable that each great period of subsidence would be inCernipted 
byoBcillatioDS of level, and that slight dimatal changes would inter- 
vene during such lengthy periods ; and in these cases the inhabitanls 
of the archipelago would migrate, and no closely consecutive record 
ol their modifications conld be preserved in any one formation. 

Very many of the marine inhabitants of the archipelago now 
(DDge thousands of miles beyond its confines ; and analogy plainly 
leads to the belief tliat it would be chiedy these far-ranging sjiecies, 
though only some of them, which would oftenest prodnoe new 
varieties ; and the varieties would at first be local or confloed 
to one place, but if possessed of any decided advantage, or when 
further modified and improved, they would slowly spread nod 
supplant their parent-forms;. Vi'liea such varieties returned 10 
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their imcieDt butnes, as they wuuld differ from their former auaa 
in a nearly nuiform, thou};h perhaps extremely slight degree, and 
as they -would be found embedded in slightly different sub-st^es of 
tho Eaice fumiiktioa, tbey would, according to the principles followad 
by mauy pals:ontot<^iats, be rooked as new and distinct species. ■ 
If then there be some degree of trutb in these remarks, we bstva^l 
nu ri^ht to cxiiect to fitid, in our geological (ormationB, an infinite 
number or tliuso fine transitional forma which, on our theory, have 
connected all the past and present species of the same group into 
one long and branching chain of lile. We ongbt only to look for a 
S<iw links, and such asBUredly we do find— some more distantly, 
some more closely, related to each other ; and these links, let thsia 
be ever so close, if found in different stages of the same funnation, 
would, by many paheontologists, be ranked as distinct species. 
But I do nut preteod that 1 should ever have suspected how poor 
was the record in the best preserved geological sections, hod not the 
absence of innumerable trnusitional llnka between the species which 
lived at the commencement and close of each formatiuri, pressed so 
hardly on my theory. 

On the iuddtn Appearaaee of whole Orouja of aUied Spedet. I 
The abrupt mantor in which whole grODps of species suddeal^ 
ftppear in certain formations, has been urged by several palieoutolo- 
gists — for itutance, by Agossh, Pictet, and Sedgwick— as a fntAt 
objection to the belief in the transmutation of species. If numerous 
species, belonging to the sama penem or families, have really started 
into life at once, the fact would be fatal to the theory of evolution 
through natural selection. For the development by this means of 
agroup of forms, all of which are descended from some one progeni- 
tor, must have been an oitrcmely slow process ; and the progenitors 
must have lived long before their modified doscendantg. But w« 
continually overrate the perfection of the geological recsrd, and 
falsely infer, becttuse certain genera or families have not been (bund 
beneath a certain stage, that they did not exist berore that sU^a, 
In all cases positive palaeontological evidence may be implicitly 
truBled; negntive evidence is worthless, as experience has bo ofteii 
shown. We oontinually forget how large the world ia, compared 
with the area over which our geol<^cal formations have been 
carefully examined; ne forget that groups of species may else- 
where have long existed, and have slowly multiplied, before 
they invaded the ancient arcbipclniroea of Europe and the United 
States. We do not make due allowance for the intervals of 
lime which hove elajsed between our consecutive formstioni^ d 
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luDger perliaps in mnny ccaes tlian the time required for ihe sccn- 
mulatioD of each ronufttiim. Ihene iutorvnls will have given time 
for the multiplicntioD of sjivcies trom »onie oue parent-form ; md in 
the BUcceeding fontiatiou, such groups or sjieciea will apjKSr as if 
suddeuly created. 

I maj hare recall a remark formerly made, namely, that it might 
require a lung succeesioo of ages to ndiipt an or,:aDisD] to some new 
and peculiar line of life, for instance, to fly tbrouuh the air ; acd 
consequently that the tmnaitional forma would often limg remain 
cunSncil to some one region ; but that, when this adaptation had 
once been effected, and a few apecies had thtu acquired a great 
advantage over other organismB, a comparatively short time HOiild 
be necessary to produce many divergent fonnx, which wonld spread 
rapidly and widely tbroughont the world. Professor Pictet, in his 
excellent Review of this work, In commenting on early transitional 
forms, and laking birds as ao illustration, cannut see how the snc- 
cessivo modifications of tbe anterior limbs of a supposed prototype 
could possibly have been of any advantage. But look at the 
penguins of tbe Southern Ocean; have not thiwe birds tbeir front 
limb* in this precise intermediate state ol " neither true arms ncir 
true wings"? Yet these birds hold their pUce victoriously in the 
butt^ for life; for they exist in infinite numbers and of many kinds. 
I do not suppose that we here see the real transitional gradea through 
which the wings of birds have passed ; but what special difficulty is 
there in believing that it might proGt the modified descendants of 
■ lie penguin, first lu become enabled to flapslong the surface of the 
tten like the logger-headed duck, and ultimately to rise from its 
surfiice and glide through the air? 

I will now give a few examples to illnstrate tbe foregoing remarks, 
and (o show how liable wo are to error in supposing that whole 
groupa of species have suddenly been produced, Even in so short 
an interval as that between the first and second editions of Pictet's 
great work on Pabeontology, published in 1844-46 and in 1653-dT, 
the conclusions on the first ap|)eamiicc and disappeBrancc of several 
gronpa of animals have been considerably modified ; and a third 
edition would reqmro stttl further changes. I may recall the well- 
known fact that in geological treatises, published not many years 
a£o, ■ii»iniTmU wtiH always spoken of as having ahruptly 
at the commencement of the tertiary series. And now one of 
tbe richest known accomulatious of fossil mammals belonf^s to th« 
middle of the secondary series ; and true mammals have been di»- 
COTCTcd in tbe new red sandstone at nearly the commencement of 
this grMt series, Cuvier used to urge that no monkey occurred in 
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nay («rt[arj ittratum ; but tiow e:(tmct species bavn been discoTered 
in India, South America, anii in Europe, aa far back as the tniocene 
Btage, Had it not been for the rare accident of the proaervaCion of 
footsteps in the new red sandstone of the United States, who would 
have ventured lo HUppose that no leas than at least thirty different 
bird-like animaig, ume of gigaotic size, rxtated during that period ? 
Not a fragment of bone has been discovered in these beds. Not long 
ago, palaeontologists maintainul that the whole class of birds came 
saddeni; into existence dnring the eocene period ; but now we 
know, en the authority of Professor Owen, that a bird cerlainly 
lived during the deposition of the upper greenaand ; and still more 
recently, tliat strange bird, the Aroheopterys, with a long lizard- 
lilte tail, braring a pair of feathers on each joint, and with Ita winga 
furnished with two fruo claws, has been discovered m the oolitio 
states of Solenhofen, Hardly any recent discovery shows mora 
fwcibly than this, how little we as yet know ot the formor inhabi- 
tants of the world. 

I may give another instance, which, from having passed under 
my own eyes, has mnch struck mo. In a memoir on Fossil Sessile 
CirripedeB, I stated that, from the 1nrge niimber of eiisiiag and 
"xtinct tertiary species; from the estraordinary abundance of the 
ii-.dividuals of many species all over the world, from the Arctic 
rei^ona to the eqnator, inhabiting varions Eones of depths from the 
upper tidal limits to 50 fathoms ; from the perfect manner In which 
Bpecimens are preserved in the oldest tertiary beds ; from the aae 
with which even a fragment of a valve can be reeognised ; from all 
those oiroumstancea, I inferred that, had sessile oirripodcs existed 
during the secondary periods, they would certainly have been pre- 
served and discovered ; and as not one species hod then been di»- 
covered in beds of this age, I concluded that this great group had 
been suddenly developed at the commea cement of the tertiary soriea. 
This was a Bore trouble to me, adding as I then thought one mora 
iustance of the abrupt appearance of a great group of species. But 
my work had hardly been published, when a skilful palteontologist, 
H. Bosquet, sent me a drawing of a perfect specimen of an unrais- 
takeable sessile cirripede, which he had himself extrM^ted frmn the 
chalk of Belgium. And, as if to make the case as striking as 
possible, this cirripede was a Chthamalus, a very common, large, 
and ubiquitous genus, of which not one species has as yet beon 
found even in any tertiary stratum. Still more recently, a Pyrgoma, 
a member of a distinct suVfumily of eesaile cirripedes, has been 
discovered by Mr. Woodward in the upper chalk ; so tliat we now 
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Iwve Rbundant erideQce of the exiBteuce of this group of animftls 
during the sfcoaJary ptri(id. 

Tb« case mast frefjuentlj insisted on by pal^Fontologists of tlie 
appaimtly' sudden appearance of a whole group of Epccies, i» that ui 
the teleoalean fishes, low down, according to AgaaeU, in the Chalk 
period, lliis group includes the large majority ofeiisling speciea. 
Dut certain Jurassic and Trinssic forms are now commonly sdmittad 
to be telcostcan ; and even some pala'orAiic forms have thui b<cn 
ckassed by one high authority. If the I«Ieosteatia had roally 
appeared liuddeuly in the nortbem hemiaiihcre at the oommenceinrnt 
of the chalk formation, the fact would bavebeen highly remarkable; 
but it would not have formed an insupprsble difficnliy, nnlsis it 
oauld likewise hare biien shown that at the same period the S|vi;ies 
w«re suddeuly and simultaneously developed iu other quarters <•( 
the world. It is almost superfluous to temart that hardly auy 
fosHiUIUli are known from soaih of tlie equator ; and by running 
through Pictot's PalieonWlogy it will bo seen that very few speoiM 
ara known from wveral formations in Europe. S<<ine few families of 
fish now have a confined ranf^e; the teleosteanfishesmight formaly 
Lave haii a similnrly coofiued range, and Bifter having been largely 
developed in tome one sea, have spread widely. Kor have ws 
any right to suppose that the seas of the world have always boen 
■o freely open from south to north as they un- Ht ptusetit. Even at 
this day, if the Malay Archipelago were converted into land, the 
tropical parts of the Indinn Ocean wonld form a large and perfectly 
eocloued basin, in which any great group of marine animals might 
be multiplied ; and here Ihey would remain confined, until si 
the species became adapted to a cooler climate, and were enabled tu 
double the Southern cnpei of Afrira or Auslmlia, and thus reach 
other and distant seiia. 

From these considerations, from our ignorance of the geology of 
other couDtnee beyond ihe confines of Europe and the Uniloa 
tSlales, and from the revolution in oor palm>atologica] knowledge 
eflected by the discoveries of the last doten years, it seems to me 
to he nbuut as rash lo dopmatlie on the successiok <>f organic fonni 
throughout tbe world, ns it would be for a naturalist to hind for fiva 
niiuutes on a barren point Id Australia, and then t 
numbtr and range of its produciions. 

On tilt tudiltn Ajijitataiiix cf Oroujit Rallied Speriei it 
lowea hiotiti Foanliftntut SIrafa, 

There is another and allied diffiaulty, which is muchic 
I mliide to the manner iu which ■pecics belungiiig tu several of tlie 
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main divisions of tJio animal kingdom anddealy aiipear in the 
lowest knovrn fusBiltferoun rocka. Moat uf the argumenu which 
hiVB convinced me that all the existing Bpecies of Uie same group 
are desceitdod from n sii^e progenitor, apply with equal force tu 
the earliext knowD species. For lusUncc, it canncit be doubted that 
oil the Cambrian and Silurian trilobites are descended from some 
ODo crustacean, which must have LiveU long before the Cambriim 
a^c, and which probably differed greatly from any known animal. 
Some of the most andent animals, as the Nautilus, Lin;;ula, &c., du 
not differ much from living species ; and it cannot on our theoiT' 
be BupjMised, that theNe old species were the progenitors of all tbu 
species belonging to the aaine groujis which have nubsequently 
appeared, for they are not io any degroa iniemiediaiB in character. 

Consequently, if the theory be true, it ia iudisputiible that before 
the lowest Cambrian Bttatum was deposited, long periods elapsed, aa 
long as, or probably far longer than, the whole interval from the 
Cambrian a^e to the present day; and that during these vaat 
periods the world swanned with living crcatnres. Here we en- 
counter a formidable objection ; for it seems doubtful whether the 
earth, in a fit auto for the habitation of living creatures, hag lasted 
long enough. Sir W. 'I'hompsoD ctincludos that the consolidation 
of the crnnt can hardly have occurred less than 20 or more than 
400 million year* ago, but probably not less than 98 or more 
than 200 milliou years. 'J'hese very wide limits show how doubt- 
ful the data are; and other elements may have hereafter to be 
introduced into the probleto. Mr. Croll ostimatos that about 
60 million years have elapsed smce the Cambrian period, but this, 
jndpng from the small amount of- oi^nic change since the com- 
menoement of the Glacial epoch, appears a very short time for the 
many and great mutations of life, which have certainly occurred 
since the Cambrian formation ; and the previous 140 million yean 
can hardly be cousidcirod as suDicient for the development of the 
varied forms of life which already existed during the Cambrian 
period. It is, however, probable, as Sir William Thompson inmatB, 
tiiat the world at a very early period was subjooted to more npA 
and violent changes in its physical conditions than those now 
occorriag; and such changes would have tended to induce change* 
at a corroapondins rate in the organisms which then exlsKd. 

To the question why we do not find rich fo^iliferous deposits 
belonging to these assumed earliest periods prior tu the Cambriim 
system, 1 can give no satisfactory answer. Several eminent geo- 
logists, w'th Sir K. Murcbison at their head, were until recently 
convinced that we beheld in the organic remaini of the loweat 
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Silurian Btratnm Ihe first dawn of life. Otbcr highl; compeUnt 
judgoB, aa Ljell and R Focbea, have dispulod tblii conclusiou. 
We ahoutd not forget that only a small portion of the world i» 
kuowQ with accuracy. Not very long ago M. Barrande added 
aoolher and lower sla^e, abounding with new and jieculiar ipeciet, 
beDcath the then known Silurian ajstem ; and now, atUl lower 
down in the Lower Cambrian formation, Mr. Hicks hu found 
in South Walci beds tich in trilobites, and containing Torioua 
molluscs and annelids. The presence of pbospbatic nodules and 
bituminous matter, even in some of the lowest azoic rocka, probably 
iudicittea life at these periods ; and the existence of tne Koiooa in 
the Laurentiau formation of Canada is generally admitted. Thcia 
are three great series of strata beneath the Silurian system in 
Canada, in the lowest of which the Eozoon is found. Sir Vi. 
Logan states that their " united thickness may poasibly far surpass 
" Uiat of all the succeeding rocks, from the base of the isheozoic 
" series tii the present time. We are thus carried back to a period 
"so retnolu, that the appearance of the so-called Primordial fauna 
" (of Barrande) may by some be considered as a comparatively 
" modem event." The Eozoon belongs to the most lowly organised 
of all classes of animals, but is highly organised for its class ; it 
existed tn countless uumbcrs, and, as Dr. Dawson has remarked, 
certainly preyed on other minute organic beings, which must have 
lived in great numbers. Thus the words, which 1 wrote in ISfiH, 
about tha existence of living beings long before the Cambrian 
jieriod, and which are almost ihe same with those since used by 
Sir W. Logan, have proved true. Nevertheless, the difficulty ol 
assigning any good reason for the absence of vast piles of strata 
rich in fossils beneath the Cambrian system is very great. It does 
not seem probable tlmt the most ancient beds have been quite 
worn away by denudation, or that their fossils have been wholly 
obliterated by metaroorphic action, for if this had been the case 
we should have found only small remnants of the formations ncil 
succeeding them in age, and these would always have existed in a 
pnrtially metamorphosed condition. But the descriptions which we 
possess of the Silurian deposits over immeose territories in Russia 
sad in North America, do out supgiort the view, tliat the older n 
foriuution is, the more invariably it has suffered extreuu dcnuiUtion 
and meUniorphiain. 

The case at present roust remain lnexplic*ble i and may bo truly 
urged as a valid Br<:ument agunst the views here entertained, To 
ahow that it may hereader receive some eiplaaation, I will give 
the following hypotliesis. From the nature of the organic remains 
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which do Dot appear to have inhnhited profound deptha, in the 
Beveral formnlions of Europe and of the United Slates ; and from 
the amount of sediment, milea in thickneea, of which the fonnaliooa 
are composed, we may infer that from first to last lai^e islandx 
or tracts of land, whence the sediment was derived, occnrred in tha 
neighbourhuod of the now existing continenta of Europe asd 
North America. This same view has since been raaintnined hj 
Agassiz and others. But wo do not know what was the Btat« 
of things in the intervals between the several snccessive formationB ; 
whether £urope and the Unit»l States dnrin^ these intervals 
existed as dr; laud, or as a submarine stiriaco near land, on which 
sediment was not deposited, or as the bed of an ojien and unfathom- 

Lookiug to the existing oceans, which are thrice as extensive m 
the land, we see them studded with many islands ; hut hardly one 
truly oceanic island (with the exception of New Zealand, if t.liia 
am be called a truly oceouio island) is as jet known to aSotd even 
a nnnnant of any palasDzoic or secondary formation. Henca we may 
perhaps infer, that duri:^ the palsDOEoic and secondary periods, 
neither cotitinents nor continental islands existed where our oceuu 
now extend ; for had they existed, {lalfcozoio and secondary fonna- 
liona would in nil probability have been accumnlated from sediiiKnt 
derived from their wear and (ear ; and these would have been at 
least partially upheaved by the oscillations of level, which most 
have intervened durini; these enormously long periods. If thett we 
may infer aDythin°; from these facts, we may infer that, where our 
oceans now extend, ocoaus have extended from the remotest period 
of which we have any record ; and on the other hand, that who* 
continents now exist, lar^je tracts of bind have existed, subjected no 
doubt to great cecillatioQs of level, since the Cambrian period, Tha 
coloured map appended to my volume on Coral Reefs, led ms Ut 
conclude that the great ocraus are still munly areaf of BiibeidenoL 
the great archipelagcea stiU areas of oscillations of level, and tha 
ooDttnents areas of elevation. But we have no reason to uanUM 
that things have thus remained from the h^innin^ of tha world. 
Our ooutioents seem to have been formed by a preponderanoe, darina 
many oscillations of level, of the frrce of elevation ; but may not 
the areas of preponderant movemsnt have changed in the lapae ot 
egei ? At a period long aottctdent to Ihe Cambrian epoch, coD- 
tinents ciay have existed where oceans are now spread out ; ^M 
oleoj and open oceans may have existed where our coutincatB now 
sljud. Kor should we be justiGed in assuming that if, for inataDoa, 
the bed of the Pacific (X'ean were now converted into a nuttinntt 
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wo shouli) there find Bedimenlnrj formalioiiB in 
condition older tban the Camkrian ttrata, suppoain; 
been formerly deposited ; for it mi|:ht well happen that strain 
which had s^baidtid some miles nearer to the centre of the earth, 
and which bad been pniiscd or. by »a ciionnous weight of aupcnu- 
cumbcnt water, might have unlergoDe fu more metamorphic action 
tliaa ttrata which have always rcmauied neomr to the aurlace. 
Tbc immeDie areas ia same jauts of tbe world, fur inetaDce id 
South A merica, of naked melAmorphic rocka, wliich muat have been 
heatied nnder great pressure, have always aecmed to me to rciiuirc 
some special explanaliou ; aod we may perhaps believe that we eee 
in these large areas, the many formations long anterior to the 
Cambrian epoch in a completely metamorphosed and denuded 
condition. 

The sereral difGcultiea hero disciwaed, namely — that, though we 
find in our geological formaliona many links bttwoon the B[iecips 
which DOW exist and which formerly 0X11101, we do not find 
infinitely numerous fine traositional forms closely joining them all 
tOjethfT ^the sudtlen manner in which Kvcnl groDpB of spccit'S 
first appear in our Eurojican formations ; — Lhe almost entire absence, 
as at present known, of formatioaa rich in fossils beneath tbe 
Cambrian strata, — are all undonblcdly of the most serious nature. 
We sen this in the fact that the most eminent palseoulologistB, 
namely, Cuvier, Agaasiz, Barrande, Pictct, Falooner, E. Forbes, Ac, 
and all our greatest geologists, as Lydl, Murcbison, ISedgwiek, 
Sic, have iiQanimously, often vehemently, maintained the iroma- 
tability of «|>fcicH, But Sir Charles Lyell now gives tho support of 
hia high authority lo the opposite side ; and moat geologists and 
inl-isiDlologisIs are much shaken in their former belief, 'i'hosc 
wbo believe that tbe geological record is in any degree perfect, will 
undoubtedly at once reject tho theory. For my part, following out 
Lyell's metaphor, I look at tho geological record as a history at tho 
world imperfectly kept, and written in a changin-; dialect; of Ibis 
history we posHsa the last volume alone, relating only to two or 
throe countries. Of this volume, only here and there a short 
cbapti'r baa been preserved ; and of each page, only here and there 
a few lines. Each word of the slowly-changing lansiiage, more or 
{•■fi diirerent in tbe successive chapters, may represent tbe forms of 
life, which are entombed in our consecutive formations, and which 
iaUrly appear to us to have been abruptly introduced. On this 
Tiew, the difficulties above discaif«d are greatly diminished, or even 
diKLp[ieai. 
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Un the »low aad >ueo«MiT« BpjwarMice of new ipscifs — On [heir different 
r»tM of ch«ng« — Species oaee lost do not reappear — Gmupi ortptdc* 
foUon' tbe (aine geoerAl rules in their ■ppeeiance and diufH'*'^'*'"'' "> 
do ijngle *pccl« — On eilinclion — On limultaueatu changes in tha 
forms of life tiironghout tlie world — On the afiiuitiee of extinct ipecic* 
to ench other and to liring epeciei^On tiie etate of dcTelopment of 
■udeot fomu — On the saccestlon of the eame tjrfwi withia the xun* 
areiu — Summary of preceding aaJ prewnt chapter. 

Let )13 now tee whether the several facta and laws relaling to thQ 
geulogical auccessiun of orgaaic beings acciird best with the oommon 
view of the ioimulability of species, or with that of their slow ami 
gradual luudilication, through TSrintioii aod natural lelixlion. 

New species have appeared very slowly, one after another, both 
ou the land and in tbe waters. Lyell hns sb<:>wii that it is hardly 
putisiblci to rtuiist the erideiice on this head in the case ol the aevetal 
tertiary stages ; and every jear tends to fill up the blanks between 
tlie stages, and to make the proportion betweea the lost and exist- 
ing funiut more grsduaL In some of tbe rnoHt recent beds, tbon^ 
undoubtedly of high antiquity if measured by years, only ooe or 
two species are extinct, and only one or two are new, havi&g 
tppearcd there for tbe first time, either locally, or, as far as ne 
know, on the face of tbe eartli. The iecondary formntiotiB are 
more broken ; but, as Brann has remarked, netther the appearancv 
iiur disappearance of the mimy species embedded in each funuation 
has been simultaneous. 

Upecies belonging to difleisnt genera and classes have not chaiig;ed 
U the aame rate, or in the same de^ee. In the older tertiary 
beds a few living sliells may still be found in the midst of a tnnl- 
titude of extinct forms. Falconer has given a striking iuBtance 
of a similar fact, for an csialiiig crocodile is associatid with muiy 
los; mammals and reptiles in the sub-Himalayan deiosits. The 
Silurian Lingula differs but little from the living 8pn:iea of thi» 
genus ; whereas most of the other Silnrian Molluscs and all (be 
Ucusiaoeaaa have riuuged gtestly, llie productions of ihe land 
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at a quicker rale tbso those of the im, of 
« baa been observed in SwiUerlaod. There 
is some reason to betitve that orpiDisms hi^h in the scale, chsngn 
more ijuickly than those thsC ar« low: though there are exceptionx 
to this rule. The amount of organic change, as I'ictct has remarked, 
is not the aame in each Buucesaive so-called fonimtion. Yet if we 
compare any but ibe most closely related fonuatiouH. all the q:ecie» 
will be found to have uodergone some change. Wheo a species 
has once 'lisa|ipenjod from the face of the earth, we have uu reason tu 
believe that the same identical form ever teappean. 'ilie stron^st 
a)>pnrent exception to this latter rule is that of the so-called 
" colonies " of M. Uarrande, which intrude for a period in the midst of 
an oilier fonuation, and then allow tlie pro-existing fauna to reappear; 
but Lyell's eiplanation, namely, that it is a case of temporary 
luisratioa from a distinct gei^raphical province, seems satisfactory. 
These several facts accurd well with our theory, which includes 
BO fixed law of development, canaing ali the inhabitants of an ami 
to change abniptl; , or simultaDeoDsiy, or to an equal degnn. Tbe 
IMtweai of niodi&catioD must be slow, and will geacrally aCfect ooly 
m few species at the same time ; (or the variability of eoch specits 
is independent of that of all othere. Whether such variations or 
individual dilTerunces as may arise will be accumulated through 
natural selection in a ^irvtter or less degree, thus causing a greater 
or less amount of permanent modification, will depend on many 
complex contingencies— on the variaiions being of a beneficial 
nature, on the freedom of intercrossing, on the slowly chan^iu^ 
physical oonilitions of the country, on the immigration of new 
colouists, and on the nature of the other inhabitants with which 
the varying a)iecies oome into oompetition. Uenoe it is by uu 
means surprising that one species should retain the same identical 
form much longer than otbers ; or, if clian|!;ing, shonid change in a 
teas degree. We find similar relations between the existing Inha- 
bitants of distinct countries; for instance, the tand-shells and 
coleopterous insects of Hadeim have come to differ considerably 
from their nearest allies on the continent of Europe, whereas the 
marine shells EUid birds have remained nnsltenvl. We can perhsgis 
understand the apparently quicker rate of change in terrestrial 
and in mure highly organised productions compared with marine 
and lower productions, by the more complex relations of the ht^lier 
beings to their organic and inorganic conditions af life, as eiplaitied 
in a former chapter. When many of the inlmbitants of nny onu 
have b?cumB modified and improved, we can understand, on the 
pnudple of oompetitioD, and ftoni the all-importaut retstiou o( 
o 8 
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organism to ori;aDiaQi in the atrugL^ie for life, that any form wbick 
did not become in some dugree modified nod iniprovad, would ha 
liable to extermination. Hence ne see v/)ij all the apecies in th« 
aarae region do at last, if we look to long enough iaterrals of tinw, 
become modiSed, for otherwise they would become eiiioct. 

In members of t)ie uiRie class the average amount of chaii^«^ 
during loo^ and equal periods of time, may, perhaps, bo nearly iha 
tame) but as the accumulatioQ of enduring formationa, rich Ln 
foasiU, depends on great masses of sediment being deposited oa 
■ubsiding areas, onr formations have been almost necessBrJly accu- 
mulated at wide and irregularly ictorraittent intervals of tims ; 
coasequently the amount of oi^-anic change exhibited bj the ffissils 
embedded iu consecutive I'ormatiuns is not equsL Kach formation, 
on this view, does not mark a new and complete act of creation, 
but only aQ occasional scone, taken almost at hazard, in aa ever 
slowly changing drama. 

We can clearly understand why a species when once lost should 
never reappear, even if the very same conditions of life, organic and 
inorguiic, rhould recur. For though the offspring of one species 
might be adapted (and no doubt this has occurred iu JntiuuierBbU 
instances) to fill the place of another species in the economy of 
ii.ilure, and thus supplant it; yet the two forma — the old and the 
new — would not be identically the same; for both would alnic«t 
certainly inherit different characters from their distinct progenitors ; 
and organiBms already difTorini; would vary in a different manner. 
For instance, it is possible, if all our fautail pigeons were destroyed, 
that fanciers might make a new breed hardly distinguishable from 
the present bre^'d ; but if the parent rock-pigeon were likewise 
destroyed, and under nature ne have every reason to believe that 
parent-forms are generally supplanted and citerminatu) by tfaeir 
improved offspring, it is incredible that a fantail, identical with the 
existing breed, could be raised from any other species of pigeoa, or 
even from any other well-established race of the domestic pigeon, 
for the successive variations would almost certainly be in some 
degree different, and the newly-lbrmed variety would probably 
inherit from its progenitor some charactcriatio differences. 

Groups of species, that is, genera and families, follow the same 
general rules in their appearance and disappearance as do single 
species, changing more or less quickly, and in a greater or lesser 
degies. A group, when it has once disappeared, never reappears; 
that is, its existence, as long as it lasts, is continuous. 1 am 
aware that there are some apparent exceptions to this rule, bnt the 
esocptions are surprisii^y few, so few that K Forbes, Pictet, sad 
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■ft'oodwarJ (though all strongly opposed to such viewB as I mtintoiu) 
siiinit itn truth; aud the nileslrjctl; accordgniih the theory. For 
all tlic Bpedet of the Mine group, however long it maj have lute^, 
are the modified descendants, one from the other, and all fraiti a 
common piogeDil«T. In the genus Lingula, for instaDce, the species 
which have Buocessively appeared at all a^en must have been cou- 
nected by an unbroken (eriea of generatioos, from the lowcii 
Silitriau Btraium to the present dajr. 

We have seen in the lost chapter that whole groups of sjiec:n> 
■omctimes falsely appear to have been abruptly developed ; aiid 
I have attemgited to give an explanation of thia fact, which if true 
would be fatal to my views, but such cases are certainly excep- 
tional; the general rule being a gradual iRCteaee in number, until 
the group reaches its masimum, and then, sooner or later, a gradual 
decicase. If the number of the species included within a genus, 
or the number of the geuera within a family, be represented by a 
vertical line of varying thicltnesa, ascending through the successive 
geological formations in which the species are found, the line will 
sometimes lalscly appear to begin at its lower end, not in a sharp 
point, but abruptly ; it then gradually thiehcns upwards, aftfu 
keepiiig of equal thickness for a space, and ultimately thmt out in 
the upper boris, marking the decrease and hnal exiioction of 1)1*3 
species. This gradual increase in number of the species of a group 
is strictly conformable with the theory, for the species of the sixoc 
genus, and the genera of ths same family, can increase only slowly 
and progressively; the process of modification and the production 
of a number of allied forms necessarily being a slow and gradual 
process, — one species first giving rise to two or three varieties, these 
being slowly converted into species, which in their turn produce by 
equally alot* steps other varieties and species, and so on, like the 
branching of a groat tree from a single stem, till the group becomcK 
largo. 

On Extinction. 
We have as yet spoken only incidentally of the dlsappesrance of 
•peciea aud of groups of species. On the theory of natural selection, 
the extinction of old forma and the production of new and improveil 
forms are intimaiely connected togetlier. The old notion of all tli« 
inhabitants of the earth liuviui; beea swept away by catasCrophes 
at successive periods is veiy generally given Up, even by those 
geologists, as Klie de Beaumont, Murchison, Barracde, Ac, whuso 
general views would naturally lead them to this conclusion. On 
the contrary, we have every reason to believe, liom the itudjr of tbo 
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tettuuj fonnfttioDs, that sjiecies and groups of apccies gradiully 
1 disappB&r, one after another, Srit from one spot, ihen from aaotber. 
I foA ftoftlly from tbo world. Id some few cases, however, as by the 
Iveakmg of aa isthmus and the coosequent irraption of a multitude 
of new iuhabiUota into an adjuiniTig sea, or bj the final subsidenM 
of «n island, tlw process of eitmction may have been rapid, fioth 
EJniile BpcciuB and whole groups of Bpecies Inst for very onequal 
periods; some groups, as we have seen, have endured from the 
I wrliest known dawn of life to the present day; some hare dis- 
appeared before the close of the paIa«)zoic period. No tiisd law 
•Beems to determine the len^h of time during which any single 
species or an; single genus endures. Tbero ia reason to believe tluu 
tlie eiliuction of a whole ^roup of species is generally a slower pro- 
cess than tbeir production : if their appearance and disnppear&noe 
be represented, as before, by a verljcal line of varyiii<! tbicknesi 
tlie line is found to taper more grfldoally at its upper end, which 
■marks the progress of eitennination, thsn at its lower end, which 
marks the first appearance and the early increase in number of the 
species. In some cases, however, the extermination of wliiJe 
groups, as of ammonites, towards the close of the secondarj period, 
has been wonderfully sudden. 

'I'he exliuction of species has been involved in the most ^ratuitona 
mystery. Some authors have oven supposed that, as the individnal 
has a definite length of lire, lo have species n definite dnmlion. No 
one can have marvelled more than [ have done at The extinctioa <rf 
species. When I found in Ia Plata the h>otli of a horse embedded 
with the remains of Moatodon, Hesatherium, Toxodon, and oilur 
extinct monsien, which all cn-eitsted with stiU living sliells at a 
very lale geolt^ical period, I was filled with astonishmeot ; fWi 
seeing that the horse, since its introductjoii by the Spaniards into 
South America, has nm wild over the whole country aad ha* 
increased in numbers at an UDpetalleled rate, I naked myself what 
oonld so recently have eiterminat^d the former horse under con- 
ditions of life apparently so favourable. But my astonishment wa« 
groundless. Professor Owen soon perceived that the tnoth, though 
so like that of the existing horse, belonged to an extinct specisa. 
Had this horse been still living, but in some de^rep rare, no naluialist 
would have felt the leant surprise at its rarity ; for mrity ia tbo 
attribute of a vast number of species of all chuses. in all coniitiiea. 
If we ask ourselves why this or that species is raro, we Aormt 
that something is nnfavoumble in its conditions of life; but what 
that sometbinR i.f. we cjin hardly ever telL On the supposition at 
the fossil hores still existing na a rare species, we might have felt 
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cerbiio, rrom the analogj of aJI othor Dinmtuiila, even "{ the aluw- 
bret^iug elephant, and Lrom the hintorj of the niituralisation of the 
domiMtw iOiBB in Boiitb America, that aoda more favoumble con- 
ditiojia it wuiild In. a tbij few yean have stocked the whole 
contiaent. But we could Dot hare told nhut the tinfavounible ci 
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ditions were which checked ila increase, wbetht 
CtmtingGDcies, and at what perloil of the bor 
degree, tbcy aeverally acted. If the cotidiiiut 
ever Hbwly, becoming less and less fAvourable, i 
not have perceived the fact, yet the foiwil hor 
hai'e beconie rarer and rarer, and finally I'llincl 
seiicd on by eoniG more mioceBsrul compcliCor. 
- Jt is moat difficult aU'ays to inmember that the increase of every 
creature is constantly being checked by imporceivcd hostile agencies : 
Mid thxt these same unpeiceived agencies are amply siillicni.-ut lo 
cause rarity, and tiiiaily exiiiictiun. So little is this subject uiider- 
stnod, that I' have heani Eurprise repeatedly expressed at such great 
munstera aa the Mastodon and the more ancient l>inosaurians having 
bwonie extinct; as if mere liodiljr strength gave victory in the 
battle of life, Meru size, on the cunlr»ry, would in some cases 
determiQc^ as lias been remarted by Onen, quicker extermination 
uoiii the greater amount of requisite food. Itcfure man iuhabit«d 
India ur Africa, soma caune must have chKkt'd the coniinaed 
Locrease of the existing elephant. A highly capable judge, Ur. 
Falconer, believes that it is chiefiy insects which, from inccsaaiiily 
hacaasing and wcftkening tlie elephant in India, check its iiicn«»' ; 
and this was Bruce's ouncluaiun with respect to the African clcpiiitiit 
in Abyssinia. It is certain that insects and blood-suck in;: huts 
deteniiiiio the existence of tho larger natundisul quadrupi.<ds in 
levur^ parts of K. Ajnerico. 

We see in many cases in the more recent tertiary formaliciis, 
that THrity preoedis extinction ; and we knuo' that this has been 
tlie progress of events with those animali which have been cxter* 
minated, either k>cally or wholly, through nan's agency. I may 
tei«at what 1 publiKbed in 1&4!3, namely, that lo admit that s^iecies 
generally bu.'oine rare before Ihcy become extinct — to f-^1 no but- 
prise at the rarity of a species, and yet to marvel greatly nbcn the 
species ceases to exist, is much the saino as to admit that iicknns 
in the Individual is the forerunner of death — to trci no siirpriM 
at aickni^ss, but, wlien tlie sick man dies, to wonder and to *usp«t 
that he died by some deed u( violence. 

The theory ul lULtuial selection is grounddl on tl>e Wlief that 
nch new variety, and tiltimatelf each now apeciM, i* produced and 
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maintained bj baviag aome advantage over those with which U 
comas into competition ; and the consequent sxtinction of the leta~ 
(aroured forma almost inevitably follows. It is the latne with onr 
doineslio productions; when a new and Bti):btlj improved variety 
has been raisBd, it at first suppknU the less improved varieties in 
the same neighbourhood ; when much improved it is traii3pon«l 
far and near, llKe our short-horn cattia, and takes the place of other 
hrecds in other countries. Thus Ihe appearance of new forma and 
the disappearance of old forms, both those naturally and those arti- 
ficially produced, are bound together. In flourishing groups, tin 
Dumber of new speciGc forms which have h^a produced within a 
given time lias at some periods probably been gi'cater than iho 
number of tlio old xpeciSc forms which have been extemtinated ; 
but we know that species have not gone on indeEnil«ly increosan^ 
nt least during the later geological epochs, so that, looking to lat^ 
times, we may believe that the production of new forms has caoaeil 
the extinctiou of about the same number of old forms, 

1'he competition will generally be most severe, as fonuerly ex- 
plniued and illustrated by esomples, between the forms which are 
most like each other ia »11 rrap«cis. U^nce the improved and 
modified descendants of a spccius will generally cause the extemu- 
nstion of the parent-npecies ; and if many new forms have been 
developed fmm any one species, the nearest allies of that species, 
i.e. the species of the same genus, will be the most liable to exiermi- 
nation. Thus, as 1 believe, a number of new species descended 
I'roni one species, that is a new genus, comes to supplant an old 
^niis, belonging to the same ramily. But it must often have 
hapjiened that a new species belonging to some one group bos seized 
on Iho place occupied by a species belonging to a distinct group, 
■nd thus have caused its extermination. If many allied forms be 
developed from the successful intruder, many will have to yield 
their places ; and it will generally ba the allied forms, which will 
suffer from some inherited inferiority in conimon, But whether it 
be species belonging to the same or to a diHtinct class, which have 
yielded their places to other modilied and improved species, a few 
of the suQerers may often be preserved for a long time, from beinj; 
fitted to some peculiar line of life, or from inhabiling some distant 
and isolated station, where they nil! have escaped severe compati- 
tion. For instance, some species of Trigonio, a great genus of shells 
in the secondary formations, survive in the Australian seas ; and a Tew 
members of the great and almost extinct group of Osnoid fishoa Mill 
inhabit our fresh waters. 'Ilierefore the utter extioction of a gi 
ii generally, as we have seen, a slower process than its podnc 
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With respect to the appareutlj Buddeo exlenttlnntioa of whole 
families or orden, as of TrilobiU's at the cIobs o( the palsMizoic 
period and of Ammonites at t1i« close of tho Brcondary [«riod, we 
must remember wiiat has been already said on the prubable wide 
intervals of time between our consecutive forTDutions ; and in thpEe 
intervaU there may have been much alow extermiunijon. More- 
over, when, bj sudden immigration or by unusually rapid develop- 
munt, many species of a new group have taken possession of an 
area, many of the older species will have been exterminated in a 
oorrcgpondingly rapid manner; and the forms which thus yield 
their places will commonly be allied, for they will {uutake of the 
same inferiority in common. 

Thus, as it seems to mc, the manner in which single species and 
whole groups of species become extinct accords well with tho theory 
of natural selection. We need not marvel at extinction; if vre 
must marvel, let it be at our owu presumption in imagining for a 
moment that we understand the many complex C0DCin;^'encies od 
which the existence of each si)eciea deiiends. If we forget for an 
instant, that each species tends to increase inordinately, and that 
some check is always in action, yet seldom perceived by us, the 
whole economy of nature will be utterly obscured. Whenever we 
con precisely say why this apecies is more abundant in individuals 
than that; why this species and not another can bo naturalised in 
a given countjy; then, and not until then, we may justly feel sur- 
prise why we catinot account for the eilinction of any parliculsi 
sjiecics or group of species. 



Scarcely any palsonlolo^cal discovery is more striking than the 
fact, that the forms of life change almost simultaneouely thmuKhuiit 
the wurid, ITius our European Cbalk formation can be n)C0<3ii"*d 
in many distant r^ons, under the most different climates, where 
Dot a fra^cnt of the mineral clialk itself can he found ; namely, 
in North America, in equatorial South America, in 'I'ierm del 
Kuego, at the Cape of Good Hope, and in the peninsula of India. 
For at these distant points, the organic remains in certain beds pre- 
sent an unmistakeable resemblance to thosu of the Chalk. It is 
not that the same species are met with ; for in some cases not one 
apecies is identically the same, bat they beli ng to the same fami- 
lies, penera, and sections of genera, and sometimes are similarly 
characterised in sncb trifling l«iQts as mere superficial sculpture. 
Moreover, other forms, which are not found in the Chalk of Europe 




but which occur in the IbriDatioiu eiUier ahore or below, iiocnr in 
the ume order M these disiuit poiuu of the wotld. !□ the eeretil 
successive palcoxoic formfttions of Kduul, W«stcm Europe, uA 
Korth America, ■ umiUr panUtiian in the fonni of Lfe has bwo 
obst-rvcd by several aulbon; so il i^ accordiu^ to Lje!l, with the 
£iiropir«Q atkd North American leilUnr dei««iiB. Even if the few 
foEsU specie* wiikh are common to the OW and New \VorLd« weia 
kept nboll;^ *^^^ of Tievr, the general [anlleliEm in the miccaaJTe 
lonna of life, in the pala.'oioic nnd tertiary stages, would Btilj be 
tnanifest, and the acTacat lonnations could be eaailv correlated. 

ThtM obecrratiuos, however, relate to the marine inbabitaoti ol 
the world : we have not sufGcieat data lo judge whether the pnr- 
duetions of th« Innd and of freah water at disiant poiois change in 
the same pmalltl manner. We may doubt whether they have thus 
changed : if the Mt^aiherium, Mvlodon, Uacranchenia, and Toxo- 
doa had liceu brooghl to Europe from La Plata, without any in- 
ronoatiou in regard lo their geological |ioeition. no one would have 
siupectM that they bad oo-exined with Ks-shells all still tiving; 
but as these anomalous monsten oo-existed wilfa the Mastt>don and 
Horse, it might at least have been infem-d that they tuul lived 
during oue of the later lertiaij stai^^s. 

When the laahue forms cif liie are spokeu of as having chjuiged 
umiillaneously throughout the world, it must not be su;<poi«d that 
this Bxpre&sian Telaleu lo the same year, or to the same centm^, 
or even that it has a very strict geologiea] sente ; fur if all th* 
mariue animals nun living in Europe, and all thoae that lived 
in Europe during the pleistoceue jieriod (a very remote period ai 
invacnred by yean, including the whole glacial epoch) wvre com- 
[ared with those now existing in South Americ* or in Auatialia, 
the most afciirnl oaturalist would hardly be able to say whetba 
the present or ibe pleisiocene inhabitaau ol Europe rest'inhled inort 
dosely those of the soutberu hemisphera. So, again, leveia] highly 
cunipctent obaervert maintain that the esistitig productions of the 
L'tiiiud States are mure dusely related to those which lived in 
(^urui« during certain lata tertiary lUgea, than lo the present 
inhabitants ol Europe ; and if this be ao, it is evident that foasili- 
feroua beds now deposited on the shorea of Ncsth America would 
ht^ealter be liable lu bv classed with somewhat older Eoropeaa 
heda. Xevertiitilcss, lookiug lo ■ remotely future epoch, thera CMl 
he little doubt that all tht nioremo-iem mariiit forniatioQE, namely, 
the \xppa pliuceue, the pli>isiiicene and striclly modem buds, of 
Europe^ North and South Amunca, and Australia, tcoia containing 
(omU retnaius iu £:du: iegn.i- alliea, aud from not including thooe 
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forms which arc found only in the older undcrlyin;; dcpoGlu, wuula 
be correutl; ranked aa KiiuultaDmuR in a geological kdso. 

The Tact of tlie furmn of Ulo changing siinultjiDt<oiii>lir, in tlis 
■boTe l&r^e sense, Rt disuul paxla rif the world, hns rtoiIIj itniok 
those admirable olieervcri, MM. de Terueuil and d'Arcliinc. Aflcf 
leferriDg to the parallelism of th« palwuzolc rorms of lilc in viiriuua 
p«rtB of Europe, they add, " If, struck by this ■tmngc >e<|ucncB, we 
" turn our Blt4uitioD to North America, and there diMoTer a aerial 
" of anal(i20U» phenomena, it will api-ear cerUin that all theno modi- 
" ticBtions ol s|>vcieit, tlioir extinction, and the iutrodurtiuu of new 
" ones, cannot be owing to mere chanues in marine cuTTcnls or other 
"caosei more or leu local and tem]iorary, but dt'iwnd on geoaal 
" laws which govern the whole animiil kingdom." M. Baminde 
has made fordble remnrks to prvciaely the aome effcCL II is, indeed, 
quite futile to look to chanties of cnrrents, climate, or other physical 
oonditiuuB, Bi the cnusc of these great mutations in the forma of life 
throughout the world, under the moat diHerent climates. We mtiBl, 
as Bartande has remarked, look to aome a|>eoial law. We shall see 
this more chairly whvn we treat of the pn'sentdUtTibotion of organic 
beings, and lind how aligbt is the relation between the physical 
conditions of rarious countries and the oatuio of their inhabitanta. 

This great fact of the parallel succession of the forms of life 
throughout the world, is explicable on the theory of natural selec- 
tion. New apt-cies ue formi'd by having aome advantage over 
older forms i and the forma, which itr« already dominant, or have 
■ome advantak» over the other forms in their own country, give 
binh to tho grcatsat number of new varietiea or incipient species. 
We hitve diatinct evidence on this head, in the plants which are 
dominBDl, that is, which are commoueat and most widely iliffuaed, 
producing the greatest number or new varieties. It is alau natural 
that the dominant, varying, and far-apreading species, which have 
•Ireody invaded to a certain extent the territories of other species, 
aboiild be those which would have the heat chance of spreading still 
further, and of giving rise in new countries to other new varieties 
and s[iecie!i. Tlie pruccas of diQusion would often be very alow, 
depending on climatal and geo'/niphical changes, on strange acci- 
dents, and on the gradual aci'limatisation of new species to tiie 
varinus climates through which they might liavo to pass, but in 
the course of time the dominant forms would generally sncceeit in 
■jireading and would nltimately |>revail. The diffusion would, it is 
probable, be slower with the terrestrial inhabitants of diatinct con- 
tinenla than with the marine inhaUtants of the continuous sea. 
We might thsrefbre expect to find, as we do find, a less strict degree 
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of |]U''^l*-*')*io it> ^B BU(»es»i(Hi of tho pTodoctiuas of the land tlias 
with thuHd ol tbe Kft. 

'DiiiB, as It Beaina U me, tliB parallel, uid, taken m a Iw^ secfe, 
Mmuluneous, suciXBjiaQ of the wime forms of life throoghout the 
world, accords well with the principle of new species having b«en 
formed by dominant speoieB spreading widelj and vaiying ; the new 
■jiecies thus producul being themselves duminant, owing to tlieir 
having bod some advantage over their already dominant parents, as- 
wol! aa over other ii]>eoiea, and a;;Rin spreading, varying, and pro- 
ducing new forms. The old forms which are bcatea and whicW 
field thsir places tu the new and victorious forms, will genetslljr b^k 
allied in groups, from inheriting some inferiority in oonunon; and. 
Iherefure, as new aud improved groupB spread throtighDut the worlA.^ 
old groups diisB;>|irar from the world ; and the ancccssion of fomka 
everywhere tends to correspond both in their 6rst appearance ukd 
final dintppeamncf. 

There is one olher remark connected with ihis subject wortli 
mating, 1 have given my reasons for believing that most of oar 
great formations, rich in fossils, were deposited during ]ieriodi of 
subsidence; and ihat blank intervals of vast duration, at far u 
fossils are concerned, occurred during the periods when the b«d of 
the sea was either srationary or rising, and likewise when seiliaimt 
was not throwu down quickly enough to embed and preserve urguic 
remains. Daring tlic«e long and blank intervaU I supposi? thst (be 
inhabitants of each region underwent a cansiderable amonnl of 
modiGcation and eittnotion, itnd that there was much mignilon 
from other ]jnrt9 of the world. As we have reason to believe lint 
lar^o areas are afficted by the same movement, it is probable lliil 
strictly contemporaneoua formations have often boon accumtilaifJ 
over very wide spoceu in the same quarter of the world; but we*" 
very for from haviug any right to conclude that this has inrarisHj 
been the case, and that lar^e areas have invariably been affected bf . 
the same movements. When two formatioDs have been depMM ' 
in two regions during nearly, but not exactly, the rame period, <■* | 
should find in both, from the causes eiplaineil la the fbresasg 
paras'^phs, the same general succession m.. the forms of life; lot 
the species would not exnctly correxponiltfiCwn wtU hm l>M 
% litltc more time in the one region thi 
tiou, eslinction, and immigration. ^ 

I suspect that cases of this natOfe^Bfinv EniofW. 
Prtstwich, In bis admirable Memoirs on the eocrae depiwU 
England and France, is able to draw a close general piratl'llx' 
between the successive stages in the two countries i but wiim ^* 
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compares cerlain elagea in England with thoae iu h'timoe, although 
he &n<ii in hoth a curious accordance in ihe DDmberB of tbo species 
beloDging to the same geoera, yet the species themaelTeB diU'ir in 
n maimer very liflicult to account for coosideriog the proximity 
of the two areaa,— 'Unless, iodecd, it be aasuraed that an isthmus 
bpparated two seas inhabited hy dietioct, but contemporsnooiis, 
faunas. Lyell bu roade similar obscrvatiouB on some of the hb-t 
luniary fomiations, Barrande, also, shows that there is si striktiL<; 
(;'.']ii;ral purisUellam in the Buct:cagire Silurian deposits of Boliemia 
aad Si^ndinavia ; nevertheless he Ends a surprising amount of 
dill'erence in the ipeciM. If the several fonnatiotu In these regioot 
h^ve not been deposited during the same exact periods, — a foniin- 
lion IU one region often corresponding with a blank intarvai in the 
other, — and if in hoth rtgions the species have gone on alonly 
cliaugiu^ during the accumulation of the several formations and 
during the long intervals of time between them ; in this case the 
several formationa in the two regions could be srtviged in the same 
order, in oocordance wiih the general succeasinn of the forms of lite, 
and the order would falsely appenr to be strictly parallel ; never- 
theless the species would not be all tlie same in the apijarently 
corresponding stages iu the two regions. 



Let us now look to the mutual afGuilies of ezlinct and living 
Species. All fall into a few gnnd classes ; and this fact is at occe 
ext^ainad on the prinoiple of descent. The more ancient any form 
is, the more, as a genenl rule, it differs (torn living forms. But, 
as Unckland Ion;! ago remarked, exliuct species can ail be oUssai 
either iu still existing groups, or between them. That the extinct 
forms of life help to fill up the intervals between existing genera, 
families, and orders, is certainly truej hut as this statement has 
often been ignored or even denied, it may bo well to make somt 
remarks on this subject, and to give some instances. If we confine 
onr attention either to the living or to the extinct species ol tbe 
Ttnie class, the raries is far less perfect than ifwecoiuhine both into 
^ne geaernl system. In the writings of Professor Owun we conlinoally 
meet with the expression of gcoetalised Tonua, as applied to extinct 
uiimnls ; and to the writings of Agassit, of prophetic or synthetio 
types; and these terms imply that such forms are in Tact int«i^ 
mediate or connecting links. Another distinguished psiwontoiogiet. 
H. tiaudry, has abown in the man striking manner ibat nuuiy of 
the fossil msmmals discove'ed by him in Attica sene to bntOt 
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down lbs inl^rvala between existing genera. Cuvier nnJced llw 
tluminaiits auU Pachyderms, ns two of die most distinct orders o( 
mammals; but so many fossil links liave been disentombed liat 
(Jwea hns had to alter the whole classification, and bas pUmd 
oeruua [ncUyderms ia the same sub-order with rumiiuuits; for 
example, be dissolves by gradations the appnrotitly wide iutem) 
b«twi9£Q the pig and the camel- The Uti^^utata or hoofed qtud- 
mpedii are now divided into the epen-tocd or odd-totd division*: 
bat the MacraucheDia of S, America connects to a certaia extent 
those two j^rand divisions. No oue will d«uy that the Bipparioa is 
ittteimeitiate between the existing horse and corlain older augnlato 
forms. What a wonderful conufiatin^ link in the chain of mammals 
is the Typulherium from S. America, as the name given to it by 
Professor (lervais expresses, and which cannot he placed in any 
eiistiug order. TheSirenia form a very distinct group ot niamtDal^ 
atid one uf the most remarkable peculiarities in the ('xistin>: dugong 
and lameutio is the etitire absence of hind hmbs, wilhout even a 
rudiment baing left ; hut the extinct Hulitherium had, according 
lo Professor Flower, an osaiSed thigh-bone "articulated to » weD- 
ilofined aceMbulum in the pcWie," mi it thoa mnkea eome apprond 
tu ordinary hoofed quadrupeds, to which tlio Mireuia are in othw 
respects alli»l. The cetaceans or whales are widely diffi^reiit &01D 
all other mammnls, hut the tertiary Zenglodon and SqiuUodon, 
which have been placed by sonie naturalists iu an order by them- 
selves, are considered by I'rofvssor Huxley to be undoubtedly ceta- 
ceans, "and to constitute connecting links with the aquatic car- 
Even the wide interval brtwpen birds and reptiles has been 
allows by the naluraliat just qnoteil to he pariially bridgtd over in 
the most unesi>ect«d mauuer, on the one bind, by the ostrich and 
extinct Archeopteryx, and on the other band, by the Uuinpeo- 
gnathus, one of the Djnoeaurians — that gioiip which includes the 
most gigantic of all terrestrial reptiles. 'I'uminu; to the luverte- 
brata, Uarrando asserts, and a higher authorily could not be named, 
that he U every day taught that, although patseozoic animals can 
certainly be classed under existing groups, yet that at this ancient 
period the grun^is were not so distinctly separated bom each otiict 
as they now are. 

Some writers have objected to any extinct species, or group of 
.apecies, being considered as intermediate between any two living 
Species, or gronpe of species. If by thla tenn it is meant Uial 
an extinct form is directly intermediate in all its chamctan h 
Iween two living forms or groujM, the objection is pcotaWy 1 
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But in a. natural cluBiBcatioo man; forail ipcciee certainly Rtand 
betH'eoQ IWm^! speciee, and eome eztinct gcoera between Yivinj, 
guuera, even between genera beloDfciiig to duttiuct ramilies. Tha 
most cumtnon case, especially with raapect lo very distinct groups, 
luch a> lish ao'l reptiles, teems to be, (hat, supposing them to b« 
ilisiinguiibiAl at the ] irescnt day by a score of characteis, the ancient 
inenibera nro scpamled by a somewhat lesser number of characters ; 
so that the two groups furmetly made a Minienbat nearer approach 
to each other than tbey now do. 

It IB a common bollef ihnl the more ancient a Torm is, by po 
much the more it tends to cuntieot by some of its characters groups 
now widely sopaniled from each oiliet. This remark nu doubt 
lunst be restricted to ihosa groups which have undergonH much 
chaoge in ihe coune of geological ^ea; and it wonid be difGcult 
to prove the truth of the proposition, for every now and then e-'en 
a liviiui animal, as the Lepidosiren, is discovered having attinitivs 
directed towards veiy distinct groups. Yet if we compare the 
older Itepiiles and Batrachiana, the older Fish, ihe older Cepha- 
lopoda, aud tlie eoceoo Mammals, with the moie recent members 
01 the san)o classes wo must ailmit that there is triilli in tbe 
remarb. 

Let us see how far these several facts and inferences accord with 
the theory of descent with modification. Aa the subject is some- 
what complex, 1 moat revjueiit the reader to turn to the din<;ram 
in the fourth chapter. We may suppose tiiat the numbered letters 
in italics represent genera, and the dotted lines diverging from 
tbem the species in each genus, llie dia^Tam is much too wmple, 
loo few genura and too few species being given, but this is iin- 
itnportsnt for us. The horizontal lines may represent successive 
geological farmationa, and all the lorms beneath the uppcrmoi'l 
line may be considered as extinct. The three sxistlng genera 
o" ?", P"i will fono a small family; fr" and/" a closely allied 
fismily or sub-family ; and o", e", m", a third family. Theea 
three familiL-a, toiiether with the many extinct genera on the 
■eveiai lines of descent diverging from the iiaront-form (A) will 
iunn an order i for all will bare inherited something in common 
from their ancient progenitor. On ihe principle of the cootiniioil 
tendency to divt-rgence of character, which was formeily illos- 
trnted by this diagram, tha more recent any form is, the more 
it will genumlly difler from its ancient progenitor. Hence we 
can understand the rale that the moat ancient fossils differ most 
from existing forms. We must not, hnwever, ouume that ilivor- 
genca of character ii a necessary contingency ; it depend* lolel; 
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on rte deKBndanta from a Bjecios beiag ihuB eaibled to seiae oi^ 
many and different places in tbo economy of nature. Therefore i^ 
IB quite poasible, oa we have seen in tlie case of Bome Silorum fonnsa. 
that n Bj-ocics might go on being slightly modified in relatioD I^k 
its slightly altered conditions of life, and yet retain throughonl ^q 
va«t period the eame general cbaracleriitios. Thia is rcpresenia^ 
in the diagram hy the letter v". 

All [he many forma, extinct and recent, descended from (Jt^ 
make, as bclore rcmarketl, one order; and this order, from tbe 
coDtinued effects of eztiuction and divergencs of character, bae 
become diTid<>d into several sub-lamLlies and families, tome of 
which are supposed to have perished at different periods, and miu 
to have endured to the prenent day. 

By looking at the diagram we can see that if many of the cxtincl 
forms auppiised to bo imbedded in the Biiccesaive formations, wen 
discovered at several points low down tn the series, the tlim 
existing families on the upjiermost line would be rendered let 
distinct from each other. If, lor instance, the genera a', tf, a", 
f*, m', m*, >n', were disinterred, llu<se three families would be t> 
closely linked together thai ihey probably would have to be OsiH^ I 
into one great family, in nearly the same manner as has DCCOnd { 
with raminitnts and certain pachyderms. Yet he who objectal U 
Gonsiiler as iDtermediate the extinct genera, which thus link t(^ih<r 
the living genera of three families, wonld be partly justifitd, i* 
they are inlermediste, not directly, but only by a long and or- 
cuitous course throogh many widely diffen'nt fi>rms. If tsmj 
extinct forms were to be discovered above one of the mtdille 
horizontal lines or geological formations — for instance, abun 
No. VI. — but none from beneath this line, then only two of 
the families (those on thu left hand, u'*, £0., and b'*, lee.) mnM 
have to be united into one ; and there would rsniain two Jamiliff, 
which would bo less distinct from each other than they uet 
before the discovery of the fossils. So again if the three familiM 
formed of eight genera (o" to m"), on the uppermost line. b« 
supposed to differ from each other by half-n-dozeii impottial 
characters, thvn the famitieii which existed at the period rolrtri 
VL would certainly have differed from each other by a leaa nnnioer 
<rf characters ; for Ihey wonld at this early sla;;e of descent hsu 
diverged in a less degree from their common progenitor, limit 
comes that ancient and extinct Kenera are often in a greater or M» 
dcgreeintenuediateincharHOter between their modified di ' "" 
(ir between their collateral retaCions. 

Dnder nature the process will be far more complicaied ll 
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reprosented in the diagram ; for the groaps will have been moru 
oumerDas ; tbej will have eodored for extmuelj unequal len^ithi 
of time, and will have beeo modified in vuioDS d^r««*. As we 
poaaete only the last volume of the geological recoid, and that in 
ft very broken condition, we have no right to expect, except 
in rare cues, to fill up the wide intervals in the natural syiitem, 
and thoa to unite distinct families or orders. All that we have 
a nght to expect is, that thoae gronpa which have, within known 
geological periods, undergooe mnch modiGcation, ahould in the 
older formations make soma alight approach lo each other ; so 
that the older membere should differ less from each other in 
some of their cliaracIorH than do the existing members of the 
same groups; and this by the coocurrent evidence of our be»t 
palieontologiata is &e<inent1y the case. 

Thus, ou the theory of descent with modiGcatioo, the mun facts 
with respect to the mntnal affinities of the extinct Conns of life 
to each other and to living fonus, are explabed in a satishctory 
manner. And they are wholly inexplicable on any other view. 

On this same theory, it is evident that the fauna during any 
one great period in the earth's history will be inl^rmediale in 
general character between that which preceded and that which 
succeeded it. Thus the species which lived at the sixth great 
stage oC descent in the diagram are the modified offspring of those 
which lived at the fifth ati^e, and are the parents of those which 
became still more modified at the seventh stage; hence they could 
hardly fail to be nearly inlermediate in character between the forms 
of life above and below. We must, however, allow for the entire 
extinction of some preceding forms, and in any one region for the 
immigration of new fonna from other r^ona, and for a large 
amount of modification during the long and blank intervals between 
the successive formations. Subject to these allowances, the fauna 
of each geological period undoubtedly is intertnedlale in character, 
helweeo the preceding and succeeding (aunui. I need give only 
one instaoce, namely, the manner in which the fossils of the 
Devonian system, when this system waa first discovered, were at 
once recognised by paleontologists as Intermediate in characlrr 
between those of the overlying carboniferous, and imderlytng 
Silurian systems. But each fauna is not necessarily exactly inter- 
mediate, as unequal intervals of time have elapsed between cuu- 
accntive formations. 

It is no real objection to the truth of the statement that tlie 
fauna of rach period as a whole is nearly intermediate in churariM 
between the preceding and succeeding faunas, that certain genim 




offer eieeptioiu lo tb« mle. For insUDce, the species of e 
ud elepbuiU, when arranged bj Dr. Falconer in two • 
the first place acoordii^ to their matual «ffinitim, kiid ia tlw ■■ 
place acootdii^ to tbeir periods of eiisteooe,— do Dot aoeori ht 
smagemeat. The species eiCremia in chancta ars not ttm riilM 
or the moat recent ; not are tho«e which are inttciMdiMta in ak«- 
racter, intennediate in i^. But luppoung for an iastkot, in Un 
and other Euoh cases, that the recoid of the first appeBranoe and 
diMppearance of the species was complete, which is far from tbt 
case, we have no reaaon to believe that forms succt^si^ely prodaood 
oeceesarily endure for correspoading lengths of timo. A raj 
ancient form ma; occaaioDall; have lasted much longer tbaji s form 
elaeiffbere frubeequeotlj produced, cspeciallj in the caae of tcnet> 
trial productions inhabiting aepaiated districts. To compan amall 
thinp with great ; if the principal living and extinct raoea <t[ tbe 
dumefltic pigcoa were arranged in serial affinity, this armigemmt 
would not closely nccord with the order in time of their prodnctioo, 
and even less with the order of their disapiiearance ; for tbs pw«Bl 
rock-pigeon still lives; and man; varieties between the rock'pigson 
and ttut carrier hare become eitinci; and carriere which m 
eitreme in tlia important character of length of beak origiiiatod 
earlier than short-beaked tumblers, which are at the opposite ""i 
of the Bcrius in this respect. 

Closely connected with the Htatomect, that tlie organic remain* 
from an intermediate formation are in some degree iotennediaie 
in character, is the fact, tnaialed on by all palieontologiits, that 
foanU from two consecutive formations are far more clobely rdaWd 
to each other, than are the (osstla from two remote formationi. 
Pictet gives as a well-known instanoo, the general re«einblaiice ol 
the organic remains from the several stages of the Chalk fonna* 
tion, though the species are distinct ia esch stage. This fact alone^ 
from its generality, seems to have shaken Professor Pictet in 
his belief in the immutability of specioa. Ua who ia aoqminted 
with the distribution of existit^ s|iecies over the globe, wil] not 
attempt to account for the close resemblance of distinct ajieciea ia 
cloaely consecutive formations, by the physical conditions of tl^ 
ancient areas having remained nearly the same. Let it be nemem- 
berod that the forms of life, at least those inhabiting the aea, faava 
changed almost simultaneously throughont the world, and iba^ 
tin under the most differcot climates and oonditiona. rnniMtl 
the [oodigiouB vicissitudes of climate during the pldstooene pok^ 
which includes the whole gUicial epoch, and note how litUa thi 
H[«oifio forms of the inhabibutts of the sea have been afiectcd. 
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Ou the theory of descent, the foil mining of the forail remaias 
from closely coDsecutire formatloiu being closely rel&lM, though 
r&nked a» distincl ipeciea, ia obvious. As the accumulatioD of each 
foiuation has often been interrupted, and as long blank interyaU 
have intervened between Bucceative formations, we ought not to 
expect to find, as 1 attempi«d to show in the Last chapter, in uty 
one or in any two formations, all the intermediate varieties between 
the species which appeared at the commeiicement ood dose of these 
periods : bnt we ought to find after intervals, very long as measured 
by years, bnt only moderately long aa measured geologically, 
closely allied forms, or, as they have been called by some authors, 
representative species ; and these assuredly we do find. We find, 
in short, such evidence of the slow and ticarcely Beusihle mut«tiocs 
of specific forms, as we have the ri>^t to cipect. 

On the State of Dcvrlopmfnt q^ Ancient eempaml with Living 
Forms. 

We have seen in the fourth chapter that the degree of differenlin- 
tion and specialisation of the parts in organic beings, when arrived 
at maturity, is the best slandard, as yet suggested, of their •^«^ree 
of perfectioit or highness. We have also seen that, as the Bpe«iali> 
Mtion of parts is an advantage to each being, so natural selectioo 
will tend to render the organisatiOQ of each being more specialised 
and perfect, and in thU Betuw higher; not but that it may leave 
many creatures with simple and unimproved stmctures fitted for 
nrople conditions of life, and in some cases will even degrade or 
simplify the ofganisation, yet leaving such degraded beitige better 
fitt«l tor their new walks of life. In another and more general 
manner, new species become superior to their predecessors ; fur they 
have to beat in the struggle for life all the older forms, with which 
they come into close competition. We may tharefore conclude 
that if under a nearly similar climate the eocene inhabitants of the 
norlil could be put into competition with the existing inhabitants, 
the former would be beuicn aiid eitermiuated by the latter, as 
would the secoodary by the eocene, and the palieouiic by the 
secondary forms. So that by this fundamental test of victory in 
the battle for life, as well as by the sbuidard of the specialisation of 
organs, modem forms ought, on the tbtory of natural selectioo, in 
■land higher than ancient forma. Is this the case? A Urge 
majority of paUeontologisis would answer in the affirmative ; and it 
■eemi that this answer must be admitted as tme, though difficult of 

it is no valid objection to thia concinnon, that certain Brachlopcda 
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b&ve been but slightly modified from an extremely remote g 
epoch ; &nd that certain laod and rreah-water shells have remaioed 
nearly llie eanie, from the time when, as far u la known, they fint 
appeared. It is not an insuperable difficulty that Foramiuifen hare 
not, as inaBted on by Dr. Carpenter, profn^ssed in organisation nnoe 
even the Laurentian epoch ; for some organisms would hare to 
lemain fitted for simple conditions of life, and what could be beitter 
fitted for this end than these lowly organised Prolozoa ? Snch 
objections as the above would bo fatal to my view, if it inclnded 
advance in organisation as a necessary oontiTigent. They would 
likewise be iktal, if the above Foraminifera, for tnstaace, could br 
proved to have first come into cxistenoe during tb« Laurentian 
epoch, at the above Brachiopods during the Cambrian rortnation ; fot 
in tbis case, there would not have been time sufficieol (or the 
development of these organisms up to the standard which they 
had then reached. When advanced up to any givcu point, there is 
no necessity, on Ibe theory of natural selection, for their further 
continued [progress ; though tliey will, during each BUcoc«aive age, 
have to be slightly modified, so as to hold their places in relation to 
•light changes ia tbeir condiliunB. The foregoing objectigna hiugt 
on the question whether we really know how old the world is, and 
at what period the various forms of life first appeared ; and this 
may well be disputed. 

The problem whether organisation on the whole has advanced is 
in many ways excessively intricate. The geological record, at all 
times imperfect, does not extend far enough back, to show with 
ttDmiatakeable cleameaa that within the known history of the worid 
orgsnisaUoa has lai^eiy advanced. Even at the present day, lookiitg 
to members of the same class, naturalists are not unanimous which 
forms ought to be ranked as ijighest: thus, some look at the 
lelaceans or sharks, from their approach in some important points 
of structure to reptiles, as the highest fish i others look at the 
teleoeteaus as the highest. The ganoids stand intermediate betmcn 
the selaceans aod telrostcans ; the latter at tlie jnveent day an 
largely preponderant in cumber ; but formerly Gelaceans ■■»■< 
ganoids alone existed ; and in this case, according to the standard 
of highness chosen, so will it be said that fishes have advanced or 
retrograded in organisation. To attempt to oompare mambnv of 
distinct types in the scale of highness seems hopeless; who will 
decide whether a cuttle-fish ba higher than a bee — that insect which 
the great Von Baer believed to be " in fact more highly orgaumd 
tliaoafish,althonghnponanothertype"; In the complex i _ " 
for llfa it ia qnito crediblo that croataoeans, not very bdgb io I 
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owD class, might best caphalopoda, the highest tdoIIubcs ; and sTich 
aruBloceaug, though not highly deTsloped, wou]d stand very high ia 
the scale of inverMbnte animals, if judged by the most decisive of 
all trials — tha law of bnttle. Beaidea IhcM inherent difScolties io de- 
ciding which forau are the rooct advanced in oigaoiMtion, we ought 
not solely to compare the highest members of a class at any two 
periods — though undoubtedly this is one and perhaps the moat 
important element in strikinE: a balance — but we ought to compara 
ail the membem, high and low, at the two periods At an ancient 
epoch the highest and lowest mollueooidal animals, namely, cephalo- 
poda and brachiopods, swarmrd in numbers ; at the present time both 
groups are greatly raduced, whilst others, intermediate in organisation, 
have largely iotseased; consequently aomo naturaliets maintain 
that moUosci were formerly more highly developed than at present ; 
but a stronger case can be made out on the opposite side, by con- 
ffldering the vast reduction of brachiopods, and the fact tluit our 
existing eephalo|iods, though few in number, are more highly orga- 
nised than their ancient represBntaUve& We ought also to compare 
the relative propotUonal numbers at any two periods of the high and 
Low classes throughout the world : if, for Instance, at the present 
day fifty thousand kinds of vertebrate animals exist, and if we knew 
that at some former period only ten thousand kinds existed, we 
ought to look at this increase in number in the highest class, which 
implies a great displacement of lower forms, as a decided advance 
in the organisation of the world. We thtis see how hopelessly 
difiicnlt it is to compare with perfect foiruess, under such extremely 
complex relations, the standard of organisation of the imperfectly- 
known faimas of sueceaEive periods. 

We shall appreciate this difScnlty more clearly, by looking tn 
certain existing bunas and floma. From the extraordinary manner 
in which European productions have recently spread over New 
Zealand, and have seiled on places which must have been previously 
occupied by the indigenes, we must believe, that if alt the animals 
and plants of Great Britain were set free in New Zealand, a multi- 
tude of British forms would in the coarse of time become ihorooghly 
naturalised there, and would exterminate many of the nativee. On 
the other hand, from the fact that hardly a single inhabitant of the 
■outhem hemisphere has become wild in any part of Europe, we 
may well doubt whether, if all the productions of New Zealand were 
•et free in Great Britain, any considerable number would be enabled 
to seixe on places now occupied by our native phuta and animal*. 
Under this point of view, the productions of Qrcst Britain stand 
mncb higher in the scale -thaa those of New Zealand. Yet tha 
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moat ikilful OBturaiiat, from (n eiamiiiation of the species of tb* 
tivo cottntries, cuuld Dot have foreseeo ibii resalt. 

Agtssiz aad Bevcral other highly compeUnt judpea insist th«t 
ukcient animak resemble to a oertaia eitent tbe embtyM of recem 
■nimala belonging to tbe Bame cUasw ; and that the geologickl mc- 
OEwion of «xtmct forma is nearlj parallel with the embryological 
devclq)ment of eiistiQ^ forma. Thia view accords admirably well 
with our theory, lu a future chapter 1 shail attempt ttj thaw that 
tbo adult differs from its cmbcyo, owiug to Tariations having 
MUpervened at a not early age, and having been inherited at i 
corresponding ago. This process, whilst it leaves the embryo 
almost unaltered, continually adda, in the couive of saccetsiTS 
generations, more and more difference to the adult, llius the 
embryo comes to be left as a sort of picture, p-esorved by natu«, of 
the former and less modified condition of the species. Tide vie* 
may be tme, and yet may never be capable of proof. Seeing, for 
instance, that the oldest known mammals, reptiles, and fiih«s 
strictly beloug to their proper classes, though some of these old 
forms are in a slight degree less distinct Ihim each other than are 
the typical memberti of the game groups at the present da;, it 
would be vain to look for animals having the oommon embryological 
character of the Tertebrata, until beds rich in foeeils are diacoTeitd 
far beneath the lowest Cambrian strata — a discovery of whicb Uw 
chance ia small. 

On tht Succaiion nf the same Types within the tame jixtiu- 
dttring tht later Tertiaiy periodM. 
Mr. Clift many years ago showed that the foaail mammala from 
the Australiau oaves were closely allied to the living marsnpials 
of that continent. In South America, a similar relationship is 
manifest, evou to an tmeducated eye, in the gigantic pieces ol 
armour, like those of the armadillo, found in several parts of Ia 
Plata ; and ProfesKor Owen has shown in the most striking manm ir 
that most of the fossil mammals, buried there in such nimibers, an 
related to South American types. This relationship is even mon 
clearly seen in the wonder^ collection of fossil bones mad« by lOf. 
Lund and Clansen in the caves of BraziL I was so much imwMaed 
with these facts that I strongly insisted, in 1839 and 1845 on this 
" taw of the auecesaion of types," — on " this wonderful KlatioDBhip 
in the same continent between the dead and the living." Prxifeasor 
Owen has subsequently extended the same generalisatiaD to tli4 

Is of the Old World, We s«e the same law in " ■ 

ana of the extinct and gigiiDtic birds of New Z 
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M« it rJm in the birda of the uvei of BrutU BIr. Wotidward bss 
•horn that the nune law hold« good with eea-slielis, but, rrom tlio 
wide diathbutioD of moat molloea, it is not vrvM diaplaycd by 
them. Other esses could be added, fts thii reUbon belwaen tlio 
exti[ict aad living Und-shells of Mailtsini ; and between the eiliuct 
uid living brackish watec-Bhells of the Arelo-Caspian Sea. 

Kow what does this remuk&ble law of the succesuon of the 
HUDe types within the same areas mean ? He would be a bald man 
who, after compaimg the present climato of Australia and of partsof 
South America, under the suae latUnde, would attempt to acoouot, 
on the one hand through dissimilar physical conditions, for the 
diasimilahty of the inhabitants of these two contiuuuts ; and, on tlie 
otht'T hand through similarity of conditions, for the uniformity ol 
the same tj'pes in each oontioent during the laler I«r[iary periods. 
Nor can it be pretended that it is an immutable law that marsupials 
should have been chiefly or solely produced in Australia ; or that 
Edentata and other American types should hare been solely produced 
in South America. For we know that Europe in ancient tiines was 
peopled by numerous marsupiaUi and 1 have shown in the publi- 
cations above alluded tu, that in America the law of distribntioij uf 
lerreHlrial mammals was formerly different from what it now is. 
North America formerly partook strongly of Ihe present cbancler 
of the southern half of the continent ; and the southern half viaa 
formerly more closely allied, than it is at present, to the northern 
hair. In a similar manner we know, from Faloooer and CautlvyV 
disooveriea, that Northern India was formerly more clonely related in 
its mammals lo Africa than it isat the preaeat time. Analogous faL-l a 
oonld be given in relation to the distribution of marine animals. 

On the theory of descent with modification, the great law vi the 
long endurint!, but not immutable, succession of the same types 
within the same artoa, is at once explained ; for the inhabiuuits 
of each quarter of the world will obviously tend to leavn in that 
quarter, during the next succeeding period of time, closely allied 
tiioi^h in some de^^ree modified deaoondanls. If the inhabitants 
of one continent formerly differed greatly from tboee of another 
oontinent, so will their modified descendoQls still differ in nearly 
the same manner and degree. But after very long intervals ut 
time, and after great geographical changes, permitting much inter- 
roigralion, ihe feebler will yield to the more dominant forms, and 
there will be nothing immutable in the distribution of orgauic 
beings. 

It may be asked in ridicule, whether I suppoee that the megalhe- 
linm and other allied huge monitert, which formerly lived in 
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Soulh America, have left beliiiid them the slolii, arxDadilki, ml 
anteaMr, he their d^enorate descenduits. Tbia caniiot far n 
iiutant he admitted. Then hage ftnluAls have become whoQy 
extinct, and have left do progeny. But in the caTee of Bna^ 
there nre ma.Dj extmct Bprcies which are closely allied ia mat waA 
in all other cbaracters to the Bpecies still liviDg in SoDth Amcfte; 
and some of tlieee fossils maj' have been the actual progotiwa «( 
the living speciea. It must not be foi^olten that, on oar dnof^ 
all the species of the same genus are the descendauUi of kidm on 
species 1 so tliat, if six genera, each having eight spedei, bo firaad it 
one geological fonnation, and in a succeeding fcmnaCion tiisn faa aa 
other allied or representative genera each with the same number of 
species, than we may conclude that generslly only one species of «id) 
of the older genera liaa left modiSed descendants, which oaostitnta 
the new genera containing the several species; the otlier aereB 
species of each old genus having died oat and left no pri^eoy. Or, 
and this will be a far commoner case, two or three species in t«o 
or three aloQe of the six older genera will be the [oreuts of the new 
genera : the other species and the other whole genera having becom« 
Utterly extinct. In failing orders, with the genera and BpKMi 
decreasing in nuDibers as is the case with the Edentata of South 
America, still fewer genera and species will leave modified blood- 
descendanid. 

Summary of Oxt preceding and present Chapivrt, 
I have attempted to ahow that the geological record ia extit 
impi^rfect; that only a small portion of the globe haa been ^__ 
logically explored with care ; that only certain classes of on^anic 
beings have been largely preserved in a fossil state ; that the 
numl>cr botii of specimens and of species, preserved in our museum^ 
is absolutely as nothing compared with the number of genemtiom 
which must have passed away even during a single fonnation ; that, 
owing lo subsidence being almost necessary for the accumiilaticoi 
of deposits rich in fossil species of many kinds, and thick enough to 
. ontlast future drgmdatioo, great intervals of time must have elapsed 
I between most of our snccesaive fonnationa ; that there has probabl* 
1 been more extinction during the periods of subsidence, luid mora 
Tsriation during the periods of elevation, and during the latter the 
record will have been least perfectly kept ; that each single forma- 
tion has not been continuously deposited ; that the duration of 
each fonnation is, probably, short compared with the average dni^ 
tion of specific forms ; that migration lus played an important f^^B 
ia Ibe-ficst appearance of new (cama in any one area and fonoalj^^l 
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th«t widely ranging ipecies are those which have Taried mcst 're- 
qaentlj, and liave oftenest given rise lo new specie* ; that varieties 
hava at Gnit been local ; and lastly, although each speciea must 
have pEiBKed through niuneroDS traniitiooal staged, it is probable 
that the periods, during which each underwent modi ficat ion, t bough 
man; and long u measured hy years, have been short in com- 
parison with the periods during which each remnincd in an un- 
ahauged condition. These causog, token conjointly, will to a large 
extent explain why — though we do find nrnny links — wo do not 
find interminable varieties, connecting together all eitinct and 
existing forma by the finest graduated steps. It should also be 
constantly borne in mind that any linking variety between two 
forme, which might be found, wonid be i&nked, nnless the whole 
chain could be perfectly restored, as a new aod distinct species; 
for it is not pretended that we have any sure criterion by which 
■peciea and varieties can be discriminated. 

He who rejects this view of the imperfection of the geological 
record, will rightly reject the whole theory. For he may ask in 
vain where are tlio numberless transitional links which must 
formerly have connected the closely allied or representative species, 
found in tha successive stages of the same great formation ? He 
Slay disbelieve in the immense intervals of time which must have 
elapsed between oar consecutive formations ; he may overiook how 
important a part migration hae played, when the formations of any 
one great region, as those of Europe, are considered ; ho may urge 
the apparent, but often falsely appareat, sudden coming in of whole 
groopa of species. He may ask where are the remains of thooe 
itilinitely numerous organisms which must have existed long before 
the Cniubrion system wss deposited ? We now know that at lea*t 
one animal did then exist; but 1 can answer this last question 
only by supposing that where our oceans now extend they have 
eit*-nded for an enormous period, and where our oscillating con- 
tinents now stand they have stood since the commencement nf the 
Cambrian system ; but that, long belore that epoch, the world pre- 
■Bnted a widely different aspect j and that the older continents, 
formed of formations older than any known to as, exist now only 
■• remnants in a metamorphosed coediiion, or lie still baried under 
the ocean. 

FossLUg from these difficulties, the other great leading facts in 
pakeontoiogy agree adminbly with the theory of descent with 
modification throogh variation and natural selection. Wo can thus 
understand how it is that new species come in slowly and succea- 
Bively ; how species of different classes do not necessarily change 
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together, or at the Baiiie rate, or ia the Hams d^reo ; jet in iIm 
bug run that nil imdergo ini>d ill cation to some extent. Tbaa.- 
tioction of old forniB is the almost iaevitsble conseqneace of tlM 
production of new forms. We can understand why whoD • speciM 
baa once diitappeared it never reappears. Groups of species inereMC 
in numbers slowly, and eodure for unequal periods of time ; for Uw 
process of modification is necessarily slow, and depends out wmbj 
complex contingencies, llie dominant species belongiDg to lacge 
■nd dominant groups tend to leave many modified deaoanduli^ 
which form new sub-groups and groupH. As these are formed, tbe 
■peciea of the leK vigorous groups, from their inferiority inhmiltd 
from a common prt^enitor, tend to become extinct tt^ther, ■■'■I 
to leave DO inodified offapring on the face of the eafth. Bnt tl« 
utter extinction of a whole group of s[«cies has sometiines been 
a slow process, from the survival of a few descendants, liogeiing 
in protected and isolated situntions. When a group has once whoUj 
disappeared, it does not reappear; for the link of geDeratioD b» 
been broken. 

We can understand how it is that dominant forms wluch sprotd 
widely and yieLd the greatest number of Tarieties toad to people the 
world with allied, but modified, descendants ; and these will gene- 
rally succeed in displacing the groups which ore their inferiors in 
the struggle for existence. Hence, after long intervals of time, the 
productions of the world appear to have changed Bimnltaoeousty. 

We can understand how it is that all the forms of life, aDcienl 
mnd recent, make together a few grand classes. We can nnder- 
Etand, from the continned tendency to divergence of character, why 
the more ancient a form is, the more it generally diETois from those 
now living ; why ancient and extinct forms often tend to fill np 
gaps between existing forma, sometimes bleoding two gronps, pre- 
viously classed as distinct, into onej but more commonly briogtng 
them only a little closer together, llie more ancient a form is, the 
more often it stands in some degree intermediate between eroups 
cow distinct ; for the more ancient a form is, the more nearly it 
will be related to, and consequently resemble, the common pro- 
genitor of groups, since become widely divergent Extinct forms 
are seldom directly intermediate between existing forms ; but ars 
intermediate only by a long and circuitous course througb other 
extinct and different forms. We can clearly see why the orguic 
nmains of closely consecutive formations are closely allied ■ liw 
they are closely linked together by generation. We can cleadj m 
whytbe remains of an intermediate formation ar- '-■ 
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The inhabitBUta of the world at cnch succGEsive period in iU 
history have boaWn their prcdecossorB in the race Tor life, and 
are, in eo far, higher in the scale, and their structure has gene- 
rally become more specialised ; and this may account for the com- 
luou belief held by so many paheoDtologitta, that organisation on 
the whole ban pro^Tesaed. Extinct and ancient animals rcaemble 
to a certain extent the embryos of the more recent animals belong- 
ing to the same classes, and this wonderful fact receives a simple 
eiplanation according to oor views. The succession of the same 
types of stmcture within the same areas during the later goolo^'icBl 
periods ceases to be mygI«rioug, and is iutelli^ible on the principle 
of inheritance. 

If then the geolopcnl record be as imperfect as manj believe, anu 
it may at least be aaevrtoi that the reciud cannot be proved to be 
much more perfect, the main objections to the theory of natural 
selection are gristly diminished or disappear. On the other hand, 
all the chief laws of paheooiology plainly proclaiiQ, as it seems to 
me, ttmt Bpuios have been produciil by ordinary genGration : old 
forms having been supplanted by new and improved forms of life, 
the prodccta of Tariation and the SnrviTal of the Fitten. 
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GBOGSAPHIPAL DlBTBIBDTION. 

m cuuDt be mccouDted (or by dilTercDCM in phjilal 
nportuice of barriers — Aflinily cf the prodDCtiDU of tkc 
" inlrei of creBtion — Mfuis of diipenal by chili|« 
of dinuM and of ihe IbtcI of the Und, and bv occuional mcui — 
DUpanal dnriug the Glictnl period — AUernite GUdnl periodi in thi 
Nonh uid South. 

In conridering the difitribution ot organic beings over the face ol 
the globe, the first great fact which Btrikes aa is, that neither tie 
rimilarity nor the dieaimilarity of the inhabitant* of TiiriouH region* 
OD be wholly accounted for by climatal and other physical coo- 
ditions. or Ute, almost every author who has stadied the subject 
has come to this conclusion. The case of Anaerica alone would 
almost suCGce to prove its trath: for if we oxcluds the arctic 
and northern temperate parts, all aotbora s^ee that one of the 
most fundamental divisions in geographical distribution is thai 
between the New and Old Worlds; yet if we travel over the 
vast American continent, from the central ixirts of the Unila! 
6tat<?B to its exlremo southern point, we meet with the most 
diversified condilions; humid districta, arid deaerts, lofty motin- 
tains, grassy plains, forest^ marshes, lakes, and great rivers, under 
almost every temperature. There is hardly a climate or conditim 
in the Old World which cannot be paralleled in the New — at 
least as closely as the same species generally require. No doabt 
mall areas can he pointed out in the Old World hotter than uij in 
the New World, but these are not inhabited by a fauna different 
from that of the sturounding diatrictB ; for it is rare to find a group 
of organisms confined to a small area, of which the conditioDS ai« 
pecnliar in only a slight degree. Notwithstanding this general 
parallelism in the conditions of the Old and New Worlds, how 
widtly different are their living productions ! 

In the southern hemisphere, if we compare large tracts of Und iii 
Australia, South Africa, and weetem South America, between lati- 
tndea 26° and 35°, we (jiail find parts extremely ajmilar in all Hub 
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condiliocs, yet it wodU doI be possible to point oiit three buu&s 
and flonu more ntterly dunmilu-. CIr, again, we may compare the 
productions of South America «oulb of 1st, 35" with those north of 
25°, vbich consequently are eeparaled by & space of ten de^ees 
or latitude and are exposed to considerably diffiTent couditlons, jet 
they are iDComparably mora closely related to each other than they 
ore to the productions of Austnlia or Africa uoder nsariy the sante 
cUinate. AuabgouB facli) could be given with reepect to the ioha- 
bi touts of the sea. 

A second great fact which strides us in our general rariew is, 
that barriers of any kjud, or obstacles to &ee migration, are related 
in a close and important manner to the differences between the 
productions of raiious regions. We see this in the great difference 
in nearly all the terretitrial productiona of the New and Old Worlds, 
excepting in the norlhem parts, where the land abnoat joins, and 
where, under a slightly different climate, there might have been 
free migratian for the northern tempeiate forms, as there ivow is for 
the strictly arctic productions. We see the same fact in the great 
difference between the inhabitants of Australia, Africa, and South 
America under the same latitude ; for these countries are almost as 
much isolated from each other as is posdble. On each continent, 
also, we see the same bet ; for on the oppoeite sides of lofty and 
continuous moon tain-ranges, of great deserts, and even of large 
rivers, we find different productions; though as inonntaiu-chains, 
deserts. Sec,, are not as impassable, or likely to have endured so 
long, as the oceans separating continents, the differences are very 
inferior in degree to those characteristic of distinct continents. 

Turning to the sea, we find the same Uw. The mnrine inha- 
bitants of the eastern and western shores of South America are 
very distinct, with eitreciiel; few shells, cmstacea or echinoder- 
malA in common i but Dr. Giinther has recently shown that about 
thirty per cent, of the fishes are the same on the opposite sides 
ol the isthmus of Panama; and this fact baa led natnralists to 
believe that the isthmus was formerly open. Westward of the 
shores ol America, a wide space of open ocean extends, with not 
nn island as a halting-place for emigrants ; here we have a bonief 
of another kind, and as soon as this is passed we meet in the ea«l«ni 
i.ihuids of the Pacific with another and totally distinct fauna. So 
that thrni marine faunas range far northward and southward in 
parallel lines not far from each other, under corresponding climate* ; 
but from being soparated from each other by impassable barriers, 
either of land or open aea, they are almost wholly distinct. On the 
other hand, proceeding still farther westward from the eaiteni 
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IsltLoda of the tropical ports of the FaciSc, wo encounter no im- 
pHssable bardois, aad wo have innumerabte islsjida as haltiDg- 
placos, or contiQuoua coasts, uutil, arter traTelliDg over a bemuphen^ 
we come to the uhores of Africa ; and over this vast space w« meet 
with no well-deSned and diatincC manne faunas. Although to few 
tnarioe animals aie common to the above-named three approximate 
gimms of Kaetem and Wcslcm America and the eastern Pacific 
Ulaada, jet miLD<r fisUes range from the Fiicific into the Indian 
Ucean, and maoy thella are common to the eaatero islaada of the 
Pacific and the eastflra shores of Africa on almost eiactly opposite 
meridiana of longitude. 

A third great fact, partif included in the foregoing Bt&temeDt, ii 
the aEBniCy of the productions of tbe same continent or of the sanw 
sea, though tbe species themselves are distinct at different poinri 
and staiiona. It ia a Law of tbe widest geuemlity, and every oon- 
tioent offers innumerable instances, Nevertheless tbe natimlist, id 
travelling, for instance, from north to south, never fails to be stmck 
by the manner in which successive groups of beings, BpociGally 
distinct, though nearly related, replace each other. He hearv from 
closely allied, yet distinct kinds of birds, notes nearly similar, and 
Bees their nesU umilarly conslructed, bat not quite alike, with egga 
coloured in nearly the same manner. The plains near the Sirtuta of 
U^ellan are inhabited by one species of Bhea (American ostrich), 
and northward tbe plains of La Plata by another species of tbe aanw 
genua 1 and not by a true ostrich or emu, like those inhaUtbg 
Africa and Australia under the same latitude. On these same plun* 
of La Plata, we see the agoati and bizcacho, animals having neaily 
the same habits as our hares and rabbits and belongit:g to the nuns 
order of Rodents, but they plainly display an American type o( 
structure. We ascend the lofty peaks of the Cordillera, and we Gnd 
an alpine species of hlKcacba; we look to the waters, and we do do4 
find the beaver or musk-rat, but the coypu and capybara, rodents 
of the 8. American type. Innumerable other instanoes oooid. to 
given. If we look to tlie islands off the American shore, bovetrr 
uach they may differ in geological structure, the inhabitants are 
oBsentially American, though they may be all peculiar species. We 
may look back to past ages, as shown in the last chapter, and we 
find American types then prevailing on the American continent and 
in the American seas. We see in these facts samo dvep orga&k 
bond, thioogboul space and time, over the same areas of bud and 
water, independently of physical conditions. The naturalist matt 
' ' o inquire 
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we positively knoiv, producfa organimia quite like each other, oi, 
OS ne see ID the case of varieties, Defltly alike. The dissimilarity of 
the iofaabitapts of difierent tcpaaa may be attribute to modification 
through variatioQ and DUtural acleclion, and profaftbly io a sub- 
ordinate degree It) tlic deSuite infiueace of diSerent phyucal coti- 
ditioOE. !!]« d^reea of dlsiimiUrit; will depend on the migration 
of the more domiaaut ronna of life from cue rog>on into another 
having been more or lias efiectuall; prevent«d, at periods more or 
leei rEinute ; — on the nature and number of the former immi^'r&DtS) 
— and on the action of the inhabitAnt^ on each other in leading to 
the preBervatioQ of different modiGcationa; the relation of organiim 
to organism in the stn^gle for life being, as I have already often 
remarked, the most important of all relations. Thus tlie high im- 
portanoc of barriora comes into play by checking migration ; as does 
time for the abw process of modification through nAtural selection. 
Widuly-mnging apeciei, abounding In individnals, which have already 
triumphed over many competitors in their own widely-«xtended 
homes, will have the best chance of eeiEing on new plac«a, when they 
spread into new countries. In their new homes they will be ex- 
posed to new eonditiocfi, mi will TrAiuciitly nodcrgo further nodi- 
fication and improvement; and thus tbey will become still rurther 
victorious, and will produce groape of modified descendants. On this 
principle of inheritiuiee with modification, we can understand how it 
it that sections of gcnura, whole genera, and even families, are con- 
fined to the same arew, as is w oommonly and notoriouHly the cade. 

There is no evidence, as was remarked in the last chapter, of the 
exiBt«nc« of any Uw of neoeasary development. Ai the variability 
of each species is an independent property, and will be taken advan- 
t^e of by natural selectiun, only so for ni it proQU each individual 
in its complex struggle for life, so the amount of modification in 
different species will bo no uniform quantity. If a numborof species, 
after having long competed with each other in their old home, wete 
to migrate in a body into a new and afterwarda isolated country, 
they would be UtUe liable to modification ; for neither migration 
nor isolation in themselves effect anything. These pnnoiplea come 
into play only by bringing organisms into new relaUons with esch 
other, and in a lesser degree with the siirroauding physical conditions. 
As wo have seen in the last chapter that some fonua have retained 
nearly the same chankctor from an enormously remote geological 
period, BO certain species have migrated over vast spaces, and have 
not beoomc greatly or at all modified, 

According to these views, it is obviuns that the several spedes of 
the same genns, though inhalritiug the most distant quorten of the 
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world, must originally have proceeded from the same source, as thej 
ue descended from the same progenitor. In the case of thrm 
■pecies, which have undergone during whole geological periods liitk 
modification, there ia not much difficuitj in belieTing that thej hxn 
migrated from the same region ; for during the vast geagra|dunl 
Knd climatal chaogos which have superveoed since aneieot tiait, 
almcet anj amouDt of migration ia poesible. But in many oUxs 
oases, io which we have reaaon to believe that the species of tt genm 
have been produced within ocmparativelj recent times, there is 
great difficulty on this head. It is also obvious that the individtuls 
of the same species, though now inhahitiog distant and isc^tM 
regions, must have proceeded from one spot, whera their jareols 
were first pmluccd: for, as has been explained, it is incredible thai 
iadividuals identicallj the same should have been produced from 
parents specifically distinct. 

Singlt Centres of supposed Cnalion. — We are thus broi^ht tu 
the question which has been largely discussed by naturalists, namely, 
whether species have been created at one or more points of the 
earth's surface. Undouhtodly there are many cssm of extreme 
difficulty in understaudiug how the ume ipecies oould pasBiUy 
have migra(«d from some one point to the Bereral distant and isolated 
points, where now found. Nevertheless the simplicity of the vkw 
that each species was first produced within a single re^on captivaUi 
the mind. Ho who rejects it, rejects the twra causa of txdintry 
generaticn with subsequent migration, ood calls in the agentT- of ■ 
miracle. It is uuiversally admitud, that in most cases the am 
inhabited by a species is continuous; and that when a plant <* 
animai inhabits two points so distaut from each other, or wttli on 
interval of soch a nature, that the sjiace could not have been easily 
passed over by migration, the fact is given as something remarkafals 
and exceptional. The incapacity of migrating across a wide sn ii 
more clear in the case of lerreatriat mammals than perhaps with an* 
other oi^anio beings; and, accordingly, we find no inexi^icaibk 
instances of the same mammals iahabiting distant points of tbt 
world. No geologist feels any difGciilt; in Great Britidn pcMa^^ng 
the same quadrapeds with the rest of Europe, fca they wei« no 
doubt once united. But if the same species can be prodaced at two 
separate points, why do we not find a single mammal oommon to 
Europe and Australia or South America? The conditions of life 
are nearly the some, so that a mnltitude of EuropL'an aniuttls sod 
plants have become natursUscd in Atuenoa and Australia ; sjul tfim f 
of the aboriginal plants are identically the same at tb«ae distasl 
points of the northern and southern hemisphermf Th« ■ 
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I beljove, is, tbat mimimala have not bwn nble to migrale, irbereM 
aomo planta, from their variod means of dispersal, linve migialed 
acroM iha wide and broken inttrspnces. The praat and striking 
influence of barriers at all kinds, is intelligihlo only on tbe view 
tliat thi' great majority of species have been produoed on one sicle, 
and have nut been able to mi^^t« to the oppuaitc side. Some few 
bmilieg, man^ aub-famllios, very many genem, and a still greattr 
mimber of SFCtioos of genera, are confined to a single region ; and 
it has been observed by several natiiraliata, that the most natuTBl 
genera, or those genera in which the B|x?cie8 nre moat closely rebled 
to each other, arc generally confined to tbe same country, or if they 
have B wide ran;;o tliat their range is condnuoua What a strange 
anomaly it wonid be, if a directly opposite mle were lo prevail, 
when we go down one step lower in the Bcries, namely, to tbe 
individuals of tbe same species, aud these had not been, at least at 
first, confined to some one region I 

Hence it seems to me, as it has to many other nataralists. that 
the view of each species having be<^n produced in one area alone, 
and having subsequently migrated from that area as far as its 
powers of migration and lubsistence under past and present oou- 
ditioQB permitted, is the most probable. Undoubtedly many cases 
occur, in which we cannot explain how the same species oonid haTe 
passed from one point to tLe other. But the geographical and 
climatal changes, which have certainly occurred within recent 
geological times, must have rendered discontinuous the formerly 
continuous range of many species. So that we are reduced to con- 
sider whether the exceptions to continuity of range are so cnmerous 
and of ao grave a nature:, that we ought to give np the belief, 
rendered probable by general considerations, that each species has 
been produced within one area, and bas mij^tfl thence as br as it 
could. It would be bogirlessly tedious to discuss all the exceptional 
cases of tbe tome species, now living nt distant and separated point*, 
nor do 1 for a moment pretend that any explanation could be offered 
of many instances. But, after some preliminary remarks, I will 
discuss a few of the most striking classes of facta; namely, the 
existence of the same species on the summits of distant mountain- 
ranges, and at distant points in the arctic and antarctic regions ; and 
secondly (in the follovring chapter), tbe wide distribntioD of fresh- 
water [nwiuctions; and thirdly, tbe occurrence of the same terrestrial 
species on islands and on the nearest mainland, thou(;h separated by 
hundreds of miles of open sea. If the existence of tbe same species 
at distant and isolated points of the earth's surface, csn in many 
■ ha Bzplained on th« view of eaeh ipecies having migmted 
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&om a Binnle birthplace ; then, cooBidering ovi ignoimnce with i^ 
■pecC to fonuer cliiuatal and gragrapliical channel KDd to the v«nou 
OQcasionAt in?iD8 of transport, the belief that a single birtbpUm ii 
the law, seetoa to me iocompanibly the wfest. 

In diwussing tbis subject, we shall be enabled nt ihe aatM Sim 
lo coiuideT a point eqoallj important for us, nnmely, wbrther tb* 
Hveral species of a genua, wtiich must on onr theory all be deaeendri 
tern a oommoa pn^onitor, can have migrated, undergoing modi- 
Beation dnriog tbeir migration, from Rome one area, Jf, when mart 
of the species inhabiting; one region are different from those tt 
■aother r^on, though closely allied to tbem, it can he ahomi thu 
migration from the one region (o the other bu probably occ iimj 
e former ptriod, our gencml view will be much strvagthnal; 
for the explanation ia obvious uti the principle ofdeEcrat with modi' 
fication. A volcanio isUnd, for instance, upheaved and formed ii 
the distance of a few hundreds of miles from a oontineut, wddU 
probably receive from it in the course of time a few oakmtti, 
and tbeir dcsocndants, though modlSed, would slitl be related Iq 
inberitatioe to the inhabitants of that continent, Casn of tlltl 
smmoD, and are, m we shall herenfler ae^ itiex|)licabb 
on the theory of indeprndcnt creation. This view of the teUtiond 
the species of one region to those of another, does not differ nun* 
from thftt advunced by Mr. Wallaon, who concludes that "efvj 
species haa come into existence coincident both in spooe knd Mm 
with a pre-existing closely allied speciee." And it ja now ml 
known that he attributes this coincidence to descent ivitfa modi- 
Bcation. 

The question of ainsle or moltiple centres of creation dife" 
tioax another though allied question, — namely, wheLlior all tk 
individnals of the same apedes are descended from a single pair, «> 
nngle hermaphrodite, or whether, as some authora suppose, tm 
many individuals simultaneously created. With organic bo^ 
which never intercross, if auch exist, each species most be dt- 
ecended from a succeKsion of modified varieties, that have sap' 
planted each other, bnt have never l>lendi?d with other individiiib 
or varieties of the same species ; so that, at each sacce».iTe staff 
of modification, all the individuals of the same form will be ^ 
Bcended from a single parent. But in the grent majority of ew* 
namely, with all orL-anlsms which habitually unite for eatch biillk 
or which occasionally intercross, the Indivldaals of the same r rf^ 
inhabiting the same area will be kept nearly uniform br tn w* 
orosBini: ; so that many iiidividuals will go on Bimi ' 
cbanging, and the whole amoimt of modification at < 
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Dot be dita to descent from a EJngle parent. To illustrato what 
Imean: our EogllBh mce-horseK diOer from Ihe horses of every 
other broed ; but they do not owe their diflenaice and BQpcriority 
to doscent from any aingle pair, but to coaliuunl cure in the 
aelectmg and training of many individtuLls during each generation. 

Before diBcoBsing the three clasBea of facta, which I hdva iclecud 
ns presenting the greatest amount of difficulty on t^e theory of 
" singte centres of creation," I muBt say a few words on the meuw 
of dispersal 

MtoTU of DUptraal. 

Sir C, Lyell and other authors have ably treated this subject, 
loan give here only the briefest abstract of the more important facts. 
Change of climnle must have had a powerful influence on migration. 
A region now impalpable to certAia organisms from the miture of 
its cUmBt<?, might have been a high road for migration, when the 
climate was different. 1 shall, however, presently have to dlscuM 
this branch of the subject in some detail. Cbaogi!* of level in the 
land must alw bnvo be«n hii^hly tnfliieDtial : a narrow isthmus 
now separates two marine faunas; submerge it, or let it formerly 
have bi«n Bubmersod, and the two faamw will now blend ti^ther, 
or may formerly have blendud. Where the sea now extends, land 
may at a former period have connected islands or possibly even 
continents together, and thus have allowed terrestrial productions 
to pass from one to the other. No geoloprt disputes that great 
mutations of level have occurred within the period of existing 
organisms. Edward Forbes insisted that all ^e islands in the 
Atlantic must have been recently connected with Ennipe or Africa, 
and Europe likewise with America. Other authors have thus 
hypothetically bridged over every ocean, and united almost every 
island to some mainland. If indeed the ailments used by Forbes 
are to be trusted, it must be admitted that scarcely a single island 
exists which has not recently been nnited to some continent. This 
view cats the Gordian knot of ths ^speisal of the same specie* to 
the meet distant points, and removes many a difficulty ; but to the 
best of my judgment we are not aathoriaed fo admitting such 
enormous geographical changes within ths period of existing species. 
It seems to me that we have abundant evidence of great oecillations 
in the level of the land or sea ; but not of such vast chaages in the 
position and extension of our continents, as to have united them 
within the recent period to each other and to the several intervening 
oceanic islands. I frccty admit the fonnerexistenoeof many islanJs, 
now buried beneath the sea, which may have served as halting- 
T 2 
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places for plants and for many animals during llieir tnigra 
the coral-producing oceans such suukcD iaiandg ore now tnaiked hj 
riogB of coral or utolU stiDdiug over tbeni, WbGuever it is full; 
admitted, as it will some day be, that eaoh apooie* bas proceeded 
from a single birthplace, [md whea in the coarse of lima ne kno> 
gomething deBoite about the menns of dialribation, we Bhall be 
enabled to speculate with security on the former extension of the 
land. But I do not believe that it will ever be proved that within 
the recent period most of our contincuts which now stiuul qalta 
Kparate, have been continuously, or almost continuoualy tuuta^ 
with each other, and vith the many existing oceanic uilmA 
Several lacts in distribution, — such as the great difference in tti 
marine faonas on the u[>posite sides of almost every continent— 
the close relation of the tertiary InbabitHnls of several lands ud 
even seas to their present inhabitants, — the degree of affinity be- 
tween the mammals iuhabitlng islands with those of the nanM 
continent, being in part determini'd (as we shall hereafter aaa) kf 
the depth of the intervening ocean, — these and other snoh focta an 
opposed to the admission of auch prodigious geognLphiiial rerolntiau 
within the recent period, as are necessary on the view advanced }lj 
Forbes and admitted by his followers. The nature and relative Tto- 
portions of the inhabitants of oceanic islands are libevrise appond 
to the belief of their former coniinulty with continents. Nor doa 
the almoat universally vulcanic composition of such islands bvonr 
the admission that they ara the wrecks of sunken conUnents ;— if 
they bad originally existed as continont4d mountain-ranges, aomsit 
least of the islands would have been formed, like other monntai*- 
stunmits, of granite, meiamorphlc schists, old fossiliferoos and oUmt 
rocks, instead of consisting of mere iiilos of volcanic matter. 

1 must now say a fuw words on what are called accidental nMWf^ 
but which more properly should be called occasional means of ifa 
tribution. I shall here corfiue myself to plants. In botaiucd 
works, this or that plant is often slated to be ill adapted for vidt 
dissemination ; but the greater or less facilities for transport menm 
tiie sea may be said to be almost wholly unknown. Until I tried, 
with Mr. Berkeley's aid, a few experiments, it was not even known 
how far seeds could resist the injurious action of sea-water. To 
my surprise 1 found that out of 87 kinds, 64 germinated after an 
tmmeraion of 28 days, and a few survived an immersion of 137 
days. It deserves notice that certain orders were far mors injond 
than others ; nine Leguminosm were tried, and, with one exceptios, 
they leaisted the salt-water badly ; seven species of the alliad ordmi 
Uydraphyllaoen and Polemooiaceie, were all killed hy a BMUUk'l 
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ce' sake X chivflj tried small aceda, 
without the capsule or fruit ; and a« all or tb^u tank Id a fvw day ■, 
they could not have been floatt.'d across wide spaocs of the aea, 
whether or not they were injured by the salt-water. Aflerwordi 
I tried some Ui^er fmili, capsules, See, and some of these floated 
Ibr a toQg time. It is well known what a difference there iit in the 
buoyancy of green and seasoned timber ; and it occurred to me thut 
doods would often wash into the sea dried plants or branches with 
seed-capsules or frail attached to tbcm. Hence I was led to dry the 
stems and branches of 94 plants with ripe fruit, and to place tham 
on sea-water. The majority aaok quickly, but gome which, whilst 
green, floated for a very short time, when dried floatml much longer ; 
tor iu.slance, ripe hazel-nuts sank immediately, but when dried 
they floated for 90 days, and aflerwards when planted germinated ; 
an aaparagos-pUnt with ripe berries floated for 23 days, when dried 
it flouted for tJ6 days, and the seeds afterwards germinal«d i the 
ripe seeds of Helosciadium sank in two ilays, when dried they 
floated fur above 80 days, and nfternards gcnmuated. Aiiogetber, 
out of the 94 dried plants, 18 floated for above 28 days; and 
aome of the 18 floated for a. very much longer period. 8o that as 
JJ kinds of eeeds germinatod after an immersion of 28 days ; and 
aa l^ distinct speciea with ripe fruit (but not all the same species 
M in the foregoing experiment) floated, after being dried, for above 
28 days, we may conclude, as far as anything can be Inferred from 
these scanty facts, that the seeds of -^g kmdi of plants of any 
country might be floaled by sea-currents during 28 days, and would 
retain their power of gtrminaliun. In Johnston's Phy^cal Atlas, 
the average ral« of the several Atlantic currents is S3 miles per 
diem (some currents rmming at the rale of 60 aulrs per diem) ; on 
this average, the seeds of -^ plants belonging to one ootmtry 
might be floated acroas 924 miles of se« to another country, and 
when Gtranded, if blown by an inland gale to a favourable spot. 

Subsequently to my esperimenta, M. Martens tried similar ones, 
but in a much better manner, for be phic«d the seeds in a boi in 
the actual sea, so that they were alternately wet and exposed to the 
air like really floating plants. Be tried 98 seeds, mostly different 
from mine ; but he chooe many Large fruits and likewise seeds &om 
pUnts which lire near the sea ; and this would have fiivmired both 
the average length of their flotation and their resistance lo the 
injurious action of the salt-water. On the other band, be did not 
{vevioDsly dry the plants or branches with the fruit ; and this, ns 
W> have weDi wouU have eansed tome of them to have fluted 
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much loDgnr. I^e result wu UuU ^ of his seeds of difforai 
kinds floated for 42 dajrs, vid were thaa capable of gertmnalXB. 
But 1 dg not dmibt Uuit plants oxpoaed to the waves would ttal 
for a less time lluut those protected ftom lioient moTGineDt tin 
our experiments. Therefore it would perb«i[« be safer to MBM 
thsl tlie leeda of About ^ pluts of s flora, &ft«r hftvii^ tai 
dried, Qoold b« floated unw* ■ fip»ce of sea 900 milee in widtl^ mi 
would then genaioate. The fact of the larger fruits often flaalii| 
longer than the small, is iDtereatmg; as plants with lai^ mita 
fruit which, as Aljih. de Candolle has shown, generally have w 
Itriolcd ranges, could hardly be transported by any other meuia, 

Soeds may be ocx:asionaUy transported in another maoner, Qnft 
timber is thrown Dp on most islands, even on thos« in the mUri 
of the widest oceans ; and the Datives of the cor&l-islanda in 6e 
PodQo procute stoues for their tools, solely from the roots of driM 
troL-e, these sIodm bciug a valuable royal tsi. I find Uiat wbei 
imgularty sbspeJ atoues are embedded in the roots of inea, aall 
parcels of earth are frequently enclosed in their intentioea ui 
behind them, — to perfectly that not a particle could be washed awi? 
during tha longest transport : out of one scaall portioD of evA 
thus eompleMtf enclosed by the roots of an oak about 60 yeara oU, 
three dicut]rledonoua plants germinated : I am certain of tlie vx^ 
raoy of this observation. Again, I can show that the uuiaeia nl 
birds, when floating on the sea, sometimes eacape being imioediatttT 
devoured : and many kinds of seeds in the crops of floating IwA 
long retain their vitality : gieas and vetch^ for instance, at« nm 
by even a few days' irameraion in sea-walcr ; but eome nken ont 
of the crop of a pigmn, which hsd floated on artiScial i«ft-walR lor 
80 days, to my surprise nvarly sU germiualed. 

Liviitg birds can hardly fall lo be highly effectiTs agenla in tli* 
transportation of seeds. I conld give many facta iJ^owiog how 
I frequently tarda of many kinds are blown by gales to vast distances 
jss the ocean. We may safely ssaume that under such oiicun^ 
ices their rate of fl^t would often be 35 miles an hour ■ and 
some authors have given a far higher estimate. I have never seat 
an instauca of nutritioos seeds passing through the ist^oines of 
a bird ; but hard seeds of fruit pass uninjured through even |W 
digestive organs of a turkey. In the course of two months, I pi^ed 
up in my garden 12 kinds of seeds, out of the excrement of — — » 
birds, and these seem^ perfect, and some of them, which w«n 
tried, germinated. But the following foot is raote important ■ Ihs 
crops of birds do not secrete gastric juice, and do not, as I koow to 
trial, injure in the least the germination of seeds ; now, after k Mtj 
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hut toiind and devonred a Uigs ropplf of food, it u paeitjvel; 
asserted that all the gnitis do not pui bto the gicxard for IwdItu 
«r even eighleen bouis. A bird in this iDterrai might nuilf be 
blown to the distance of 500 miles, and hawks ate known to look 
out for tir«d birda, and the contents of their torn crops mi^ht thun 
Kadilj get icatterod, Some hawks and owls bolt tlieir jirey whole, 
and, after an interval of Imni twelve to twenty boun, diagoi^ 
pellets, which, aa 1 know from experiment* nude in the ZoologioU 
Oardens, include seeds capoble of germination. Some seeds of the 
oat, wheat, millet, canary, hemp, clover, and beet germinated alter 
having been from twelve to twunlj-one hours in the stomachs of 
difforent birds of prey ; and two seeds of beet grew after having 
been thus retained for two days itnd fourteen hours. Fresh-watd' 
fish, 1 find, eat seeds of many land and water plants: fish are 
freqaeotljr devoured by bitxis, and thus the seeds might be trans- 
ported from place to place. I forced many kinds of seeds into the 
stomachs of dead fish, and then gave their bodies to fishing-eagles, 
storks, and pelicans; these birds, after an interval of many hours, 
either rejected the seeds in pellets or passed them in their eicre- 
mont ; and several of these seeds retuned the power of germination. 
Certain seeds, however, were always killed by this process. 

Locusts are sometimes blown to great distances from the land i I 
myself caught one 370 miles from the coast of Africa, and have 
bcArd of others caught at greater diatancea. The Rev. R. T. Lowe 
informed Sir 0. LycU that in November 1844 swanns of locusts 
Tiaited the ialand of Madeira. They were in conotless numbeis, as 
thick as the flakes of uiow in the heaviest snowstorm, and extended 
upwaida as lar as could be seen with a telescope. During two or 
iJiree days they slowly careered rcond and toimd in an immense 
ellifae, at least five or six miles in diameter, and at night alighted 
on the taller troes, which were completely coaled with them. They 
then disappeared over the sea, as suddenly as they had appeared, 
aud have tiut slmw visited the island. Don, in ports of Natal it is 
believed by some farmers, though on insufficient evidence, that 
iDJuriouB seeds are introduced into their grass-land in the dang left 
by the great fiighia of locuats which often visit that country. In 
consequccco of this belief Ur. Weale sent me in a letter a small 
packet of the dried pellets, out of wbich I extracted under thi' 
microscope several leDdB, aud raised from them seven grass plantii, 
belonging to two spciaa, of two genera. Bcnce a swarm of locosts, 
such as that which visited Madeira, might readily be the means of 
incrudncing several kinds of plants into an island lying far &om the 
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Although the beaks Bud feet of birds are geoeially oIckd, cnlk 
•orautimee adheres to them : in one case I removed aixty-ooe giwi4 
and in another case twenlj-two grains of drj argillacecms <wth 
ftota the foot of a partriiige. and in the earth there was a pebbfe h 
laige aa the seed of a vetch. Here la a better case : the leg of a 
woodcock was seat tu me by a frieud, with a little cake of diy Milli 
attached to the nhauk, weighing only nine grains; and *hi« on- 
t&ined a seed of the toad-rush (Jnncus bufoniua) which germinatid 
and flowered. Mr. Swaysland, of Brighton, who during the hat 
forty years has paid close attention to our migratot; bird^ infinu 
roe that he has oftea shot wagtail8(Motacilla),tvheal«ara, and wIub- 
ohats (Saxicolsj), on their first aniial on our shores, befiom tbef 
had alighted ; and he baa several times noticed little cakea of earth 
attached to their feet. Many fucts could be given aLowing bow 
generally soil is charged with seeds. For insCanoe, Prof. Newton 
■mt me the leg of a rcd-leggcd partridge (Caccabis rufo} whtdi had 
beea wounded and oould not fly, with a ball of hard earth adhatn^ 
to it, and wdghing six and a half ounces. The earth had be« 
kept for three years, but when broken, watered and plaood ondva 
bell glass, no less than 62 plants sprung from it : these oonaisted ol 
12 nionocotyledons, including the common oat, and at least one 
kind of grass, and of TO dicotyledons, which consisted, jodging beiu 
the young leaves, of at least three distinct species. With such bet* 
before us, can we doubt that the many birds which ate aimtially 
blown by gales across great spaces of ocean, and which aaoiiallv 
migrate— for instance, the millioos of quails across the Uediten*- 
nean — must occasioDally transport a few Bc«ds embedded in dirt 
adheriog to their fwt or beaks ? But 1 shall have to recut to tlu* 
subject. 

As icebergs are known (o be sometimes loaded with earth and 
■tones, and have even carried brualiwood, bones, and the neat of a 
I laud-bird, it con hardly be doubted that they must occasionally, h 
i anggested by Lyell, have transported seeds from one part to anotiuj 
of iJie arctic and aotarctic regions; and during the GlaciiU pttiod 
Eiom one part of the now temperate regions to auother. In the 
Asores, from the largo number of plants common to Europe, in oom- 
parison with the species on the other JEhiods of the Atlantic, wbich 
itaad nearer to the mainlmd, and (as remarked by Mr. H. C, 
Watson) from their somewhat northern character in compariaon 
with the latitude, I suspected that these islands bad beea putlj 
Btoekedby ice-bome seeds, during the Glacial epoch. At myi^qntn 
Sir C. Lyell wrote to M. Baitnng to inquire whether ha lad 
observed enatic boulders on these islands, and he answered that ha 
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had found large fragments of ^HQite and other n>cki, nbich do not 
occur in tbe archipelago. Uencc wc aaj' safuly infer that icebergs 
formerly landed their rocky burtbeoB on tbo shores of these mid* 
ocean islands, and it is at least possible that the; may hare brought 
thither some few seeds of northern plants. 

Considering that these aeveral meana of transport, and that other 
means, nhich without doubt remain to be disoovared, have been in 
action year after year for tens of thousands of yc&ra, it wonld, I 
think, be » inarvelloua fact if many plants had not thns beoamo 
widely transported. These means of traQS[ort are sometimes called, 
ftccidenlal, but this is not strictly correct : the currents of the sen 
aie not accidental, nor is the direction of prevalent galea of wind- 
It should be observed that scarcely any means of tiansport would 
carry seeds for very great distances : for seeds do not retain tbeir 
vitality when expoiied for a great length of time to the action of 
sea-water ; nor could they be long carried in the croja or intestines 
of birds. Thete means, however, would aufBoo for occasional trans- 
port across tracts of lea some hundred miles in breadth, or from 
island to island, or from a continent to a neighbouring island, but 
not &om one distant continent to another. Tlie florsa of distant 
continents would not by such moans bucome mingled ; but wonid 
remain as distinct as tliey now are. Tbe currents, bom their 
course, would never bring seeds from North America to Britain, 
though they might and do bring seeds from the West Indies to our 
western shores, where, if not killed by their very long immersion in 
salt water, they oonld not endure our climate. Almost every year, 
one or two land-birds are blown across the whole Atlantic Ocean, 
&om North America to the western shores of Ireland and England ; 
but seeds could be transported by these rare wanderers only by 
one means, namely, by dirt adhering to their feet or beaks, nbicfa is 
in itself a rare accident Even in this case, how small would be the 
chance of a seed falling on favourable soil, and coming to mattirity I 
But it would be a great error to argue that because a weli-stoeked 
island, like Oreat Britain, has not, as lor as is known (and it would 
be very difficult to prove this), received within the last few centu* 
ries, through occasional means of tmnsport, immigrants from Eiiroi>s 
or any other continent, that a paorly-stocked island, though stand- 
ing mot« Kmote from the mainland, would not receive colonists by 
■tmilai means. Out of a hundred kinds of seeds or animals tnns- 
ported to an island, even if far less well-slocked than Britain, per- 
baps not more than one would be so well fitted to its new home, as 
to become naturalised. But this ia no valid argument against what 
\T0uld be effected by occasiocal Dieans of transport, durinf; the long 
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Upw of geological time, whilst tbe Island was being aphcared, «ad 
before it had become full; atockod with inh&bitAntA. On mlnm 
bare land, with few or no deEtructive insecta or birda Uriag Uei^ 
DBarly every seed which 'chauced to airive, if £tted for tLe rlrmatr 
would gcnninaU and survive. 

Buperiai during the Olaeial Feritid. 

The identity of many plants and animals, on moiin tai ii-itii tnndW, 
separated from each other by hundreds of miles of lowlandB; wbcR 
Alpine species could not possibly exist, is one of the moat BtnU^ 
cases known of the same species living at distant pointj^ witfaoU 
the apparent posaibiliLy of their having migtalod from ona poiBt 
to the other. Ii is indeed a remarkable fact to see so nuu^ plntt 
of the same species living on the snowy r^ons of the Adft <r 
Pyrenees, and in the extreme northern parts of Eoropa; batilit 
far more remtirkablo, that the plants on the White Moimtaina, in 
the United Sutus of America, are all the same with thtne of 
I^ihrador, and nearly all the same, aa we hear from Asa Gray, with 
those on the loftiest mountains of Europe. Even aa long s^ m 
mi, BUGb facta led GmeLio to coticlude that the stuns speciea man 
have been indepoaiJenlly created at many distinct points; aad wo 
might have remained in this Kune belief, had not Agassis ami 
others called vivid attention to the Glacial period, which, ai we 
shall immediately sec, affonls a simple explanation of the«e facts. 
We have evidence of almost every conceivable kind, organic and 
inorganic, that, within a very recent geological period, ceotnl 
Europe and North America EuSered under an arctic climate. The 
rains of a house burnt by fire do not tell their tale Laoiv plainly 
than do the mountains of Scotland and Wales, with their acored 
flanks, polished surfaces, and perched boulders, of the icy atreaou 
with which their valleys wore lately filled. Bo greatly haa the 
olimatflof Europe changed, that in Northern Italy, gigantic moiBiDH, 
left by old glaciers, sre now clothed by the vine and maiee. Thrwigh- 
ont a large part of the United States, erratio boulders and aoued 
roeka plainly reveal a former cold period. 

The former Influence of the glacial climate on the distribotioD (rf 
the inhabitants of Europe, as expliuned by Edward Forbes, ia snb- 
atantially as follows. But we shall follow the changes more readily, 
by supposing a new glacial period slowly to come on, and thm 
pass away, as formerly occurred. As the cold came on, and as 
each more southern zone became fitted for the inhabitants of tlia 
north, these would take the places of the former inhabitanta of 
the temperate r^ona. The latter, at the sama time, would travel 
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further and further southward, QDlets they were stopped by barriens, 
in which caw thej would periiih. The monntamB woald become 
oovured with Know tnd ice, end their former Alpioe inliBbitBiita 
would doacend to the phkina. By the time that the cold had reached 
ita maximum, we should have an arctio fauiia aod flora, covering 
tlio cential parts of Europe, as Sai aouth as the Alpe and Pyrenees, 
and even atreiching into Spain. The dow temperate regions of the 
United Statca would likewise he covered by aiolio plants and omi- 
mala and these would be nearly the some with those of Europe; for 
the present circumpolar inhabitanle, which we suppose to bare every- 
where travelled Bouthwird, arc remarkably oniform round the world. 

As the warmth returned, the arctio fonns would retreat norlb- 
wani, closely fallowed up in their retreat by the productions of tbo 
more temperate regions. And as tho snow melted from the bases 
of the mountains, the arctic forms would seise on the cleared 
and thawed ground, always asocodine, u the warmth increased and 
the snow still further disappeared, higher and higher, whilst their 
brethren were pursuing their northern journey. Hence, when the 
warmth had fully returned, the same species, which had lately 
lived togethi^r on the European and North American lowlands, 
would i^in bo found in the arctic regions of the Old and New 
Worlds, aod on many isolalsd mountain-summits far distant from 
each other. 

Thus we can understand the identity of many plants at points 
so immensely remote as the mountains of tbe United States aod 
those of Europe. We can thus also nnderstand the tact that the 
Alpine plants of each mountain-racge ate more especially related 
to the arctic forms Uving due north or nearly due north of them : 
for the first migration when the cold came on, and the re-migratioii 
on the returning warmth, would generally have been due south and 
north. Tbe Alpine plants, for example, of Scotland, as remarked 
by Mr, H. C. Watson, and those of tbe Pyrenees, as remarked by 
Bamond, are more especially allied to the plants of northern Scandi' 
navia ; those of the United States to Labrador ; those of the moun- 
tains of Siberia to the arctic regions of that oounlry. lliese views, 
grounded as they are on the perfectly well-.asoettained occurrence of 
a former Olscial period, seem to me to expLtin in bo satisfactory a 
manner the present distribution of the Alpine and Arctic produc- 
tions of Europe and America, that when in other regions we lind 
the same species on distant mountain-summits, we may almost 
conclude, without other evidence, that a colder climate formerly 
permitted their migration across the intervening lowlands, new 
become too warm for their Bii*tsnc& 
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As the arotia forma moved first Boathward and »£terward» hib 
wirda to the north, in auisoa with the chau<;iiis cljguita. th^ rf 
not have heen exposed during their long migraUons to aofp^ 
divergit; of temperature; and aa the; all mi^ated Ed K to^ 
together, their mutu&l relations will not have been much dixtuiit 
Henoe, in accordance with tlie principles inculcated in this toIbd^ 
these forms will not hare beca liable to much laodiBcatioa. Brt 
with the Alpine productions, left isolated from tbe tnotnent <f flv 
returning warmth, first at tbe bases and ultimfttety oa tha t am a i i 
of the mountains, the case will have been somewhat diSermt; tt 
it ia not likelj tbat all the same arctic species will h&Ta bam U 
on mounlain-'raDges far distant from each other, and havfl soiTinl 
there ever since ; thej will also in all probabilitj, barra beau 
mingled with ancient Alpine species, which must have eiiiled (B 
the mouDtaiuB before the commencement of the GUcial «pock,«d 
which daring the coldest period will have been temporaritj d(i*H 
down to the plains ; the; will, also, have been aubeequcntJf O- 
posed to somewhat different climntal iiiflDet)c«s. llieir mntml Kb- 
Idons will thus have been in some degree disturbed; oonMqud(r 
thej will have Wn liable to modification; aad they tuva W 
modified ; for if we compare tha present Alpiue plants and iriir*^ 
of the several great Kmopean mouotsin'ranges one vrith »' w*W , 
though many of the apecies remain identicallj the same, no) 
exist as varieties, some as doubtful forma or Bul>-speciei^ a^ 
some oa distinct yet closely allied species re)ireeentiag cMtb alb> 
on the several ranges. 

In the foregoing illustmtion I have assumed that at tha on- 
tneDcemcut of our imaginary Glacial period, the arctic prodoctim 
were as unifonn round the polar le^ons as they are at the i«uaiil 
day. But it is also necessary Ui assume that many sub-an;Uo tf^ 
some few temperate forms were the same round the world, fa 
some of tbe species which now exist on the lower moiuitain-sliifCi 
and on the plains of Korth America and Europe are the nine; 
and it may be asked how 1 account for this d^ree of unifonnit; 
in tbe sub-arctic aad temprate forms round tbe world, at the 
commencement of the riial Glacial period. At the prcaent d«T, 
the sub-arctic and northern temperate productions of the OH 
and New Worlds ore separated from each other hy the wbc4e 
Atlantic Ocean and by tbe northern part of the PaciBc, Duiitt 
the Glacial period, when the inhabitants of the Old and Ke* 
Worlds lived farther southwards than they do at present, thn 
moit have been still more completely separated fitini each otba 
by vider spaces of ocean ; so that it may well be asked how tk 
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Bomo species could then or prcviousiy have enterrd the two con- 
ticeDts. The exjlanatioa, I believe, liea in the OBturs of the 
climate before the commencemeDt of the Obdal period. At IhiB, 
the cewer Pliocene [K:nod, llie niajority o( the inbaUt&iiIs of the 
world wero Bpectfically the eanie as now, and we have good reason 
to believe tliat the climale was warmer than at the proMDt day. 
lienco we maj suppose that the organisms which dow live nnder 
Ifttitude 60°, lived during the Plioecne period farlher north under the 
Polar Circle, in lalilnde SG°-67<' ; and that the present arctic pro- 
ductions then lived on the broken land still nearer to the pole. 
Now, if wo look at a tem»trial Elobe, we see under the Polar Circle 
that there is almost coutinuous laud from west^m Europe, through 
Siberia, to eastem America. And this continuity of the circun- 
polar land, with the consequent freedom under a more favourable 
chmate for intermigration, will account for the supposed uniformity 
of the Bub-arctic and temperate productions of the Uld and New 
Worlds, at a period anterior to the Glacial epoch. 

Believing, from reasons before alluded to, that our continents 
have long remained in nearVy the same relative position, though 
subjected (o great oscillatioiia of level, I am strongly inclined to 
extend the above view, and to inler that during some still earlier 
and still warmer period, such as the older Pliocene period, a Ufge 
number of the same plants and animals inbabit«d the almoat 
continuous circumpoUr land ; and that these plants and animala, 
both in the Old and New Worlds, began slowly to migrate south- 
wards as the climate became less warm, long before the commence- 
ment of the Glacial period. We now see, as I believe, their 
descendants, mostly in a modified coudition, in the central fojts 
of Entope and the United ISlnteB. On this view wu can undo- 
stand ths lelationsliip with very little identity, between the pro- 
ductions of North America and Europe, — a relationship which ia 
highly remarkable, considering the distance of the two areas, and 
their separslioo by the whole Atlantic Ocean. We can further 
uaderWand the singular fact remarki-d on by several observer! 
that the produclioQB of Europe and America during the later 
tertiary stages wcru more clusely rvlnted to each other than they 
are at the present time ; for during these warmer periods the 
northern pttrtn of the (.>ld and New WorMs will have been almost 
continuously united by land, serving ai a bridge, since rendered 
Impassable by cold, for the Iniermigration of their inhabitants. 

During the alowly decreasing warmth of the Pliocene period, as 
MXXi as the species in common, which inhabited the New and Old 
Wurldi, migrated south of the Pohv Circle, they will have been 
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mptetely cut off from each oiber. This separation, aa C«r m Ik 

cue tempemle produclians are coocenied, lauet bav« taken ftm 
I long ages ago. As tbs plants nud animals migrated nuullmii^ 
they will have become tniQglsil in tbo one great rcgioo with tti 
native Americao produclions, and would bare had to cmtpdi 
with them; and in the other fjeai regton, with tbcse of tbeOU 
■World, Consequently wo have here everything ravooiabla kt 
moch modification, — Tor far more modiScatioa than «rith lb 
Alpina prodncdons, left isolated, within a much mM« ncM 
period, OD the several mountain -ranj^es and on the arctio ) fni ' 
of Europe and N. America. Hence it has come, that wlwn «t 
compare the now living productions of the ttrmperate neioDi d 
th« New and Old Worlds, we Und very Tew identical speciea (tboa^ 
Asa Gray has htely shown that more plants are identical than «ii 
Ibrmert; supposed), but we find in every great claas many fortu, 
which some naturalists rank as geo^^phical races, and othen aa ^ 
tinct species; and a host of closely allied or reprcsoDtativ« SjBti 
whioh are ranked by all naturnlista aa specifically distinct. 

As on the land, so in the waters of the sea, a slow sondKni 
migration of a marine fauna, which, during the Plioceno or eren > 
■omewhat earlier period, was nearly miiform along the Gontni«i« 
aborex of the Polar Circle, will account, on the theory of modiB»> 
tion, for many closely allied forms now living in oiarine araAa OMtr 
pletely sundered. Thtii, I thiok, we can understand the [in mm 
of some closely allied, still exiBtin;^: and extinct terUary fbnna, aa 
the eastern and western shoren of temperate North America ; ai^ 
the still more sinking fact of many closely allied crustaceans (u 
desoribed in I^na's admirable work), some fish and other marioe 
animals, inhabiting the Mediterranean and the seas of Japan, — 
tbeso two areas being now comjiletely separated by the breadUt oif* 
whole continent and by wide spaces of ocean. 

These cases of close relationship in species either now or formecly 
inbahiting the seas on the eastern and weateni shores of North 
America, the Mediterranean and Japan, and the temperate lands 
of North America and Europe, are inexplicable on the tbeoiy of 
creation. We cannot maiolsin that sucli species have been etoald 
alike, in correspondence with the nearly similar physical oonditiou 
of the areas ; for it we compare, for instance, certain parta of Soolh 
America with parts of South Africa or Australia, we see ooontiiM 
closely simihir in all their physical conditions, with thair inhab- 
itant* Utterly diMimilai. 
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Atttrnalt Olacial Periods in thf ynrlh and South. 
But we miut return to oar moie tmmedinte subject. I un oon- 
viDced that Forbw's view mny be largely extended. In Europe we 
meet with the plaincBt evidence of the GIsciaI period, from tba 
western shores of Brilain to the Oaral rtLagc, and Bouthwatd to the 
Pyrenees. We may infer from the frorcn mammala and nature 
of the inouDtain yeselation, that Siberia was similarly aOectod. In 
the Lebanon, according to Dr. Hooker, perpetnal anow formorly 
ooverod the central axis, and fed glacier* wbich rolled 4000 feet 
down the yalleya. The same obgerrer has recently found great 
moraines at a low level on the Atlas range in N. Africa- Along 
the Himalaya, at points 900 miles apart, glacieiv have left the 
inarlta of their former low descent ; and in Sikkim, Dr. Hooker 
aaw maize growing on ancient and gigantic oiorainea. Southward 
of the Asiaiio oontioent, on the opposite aide of the equator, we 
know, from the excellent researches of Dr. J. Uaast and Dr. Hector, 
that in New Zealand Immense glacicre formerly descended to a 
low level ; and the same plants found hy Dr. Hooker on widely 
separated mountains iu this island tell the same story of a former 
cold period. From fncta communicated to me by the Rev. W. B. 
Clarke, it appears also that there are traces of former placial action 
on the mountains of the soutb-easlem comer of Australia. 

Looking to America; in the Dorthem hair, ice^bome f^^^neDlB of 
pxk have been observed on the eoslem Bide of the continent, as far 
*iulh as lat, 3fP-37°, and on Iho abores of the Pacific, where the 
cUmate is now so different, as far south as lat. 46°. Erratic boulders 
have, also, been noticed on the Bocky Mountains. In the Cor- 
dillera of South America, nearly under the eqnator, glacien once 
extended far below tbeir present level In Central Chile I ex- 
■jnined a vast mound of detritus with great boulders, croesing the 
Portillo valley, which there can hardly ba a doubt once formed a 
huge moraine ; and Mr. D. Forbes informa me that he fooud in 
various parts of the Cordillera, from lat. 13° to 30° B., at about the 
height of 12,000 feet, deeply-furrowed trtcks, resembling those with 
which he was famihar in Norway, and likewise great masses of 
detritus, including grooved pebbles^ Along this whole space of the 
Cordillera true glacien do not now exist evrn at much more con- 
siderable heights. Farther south on both sides of the continent, 
from lat. 41° to the sauthemmoet extremity, mx have the clearest 
evidence of former glacial action, in numerous immense boulders 
transported far from their parent bodtdb. 

From thi:ae several facts, namely from the glaciftl action having 




extended all round the northeni and Bouthcrn hemisphofe* — fiMn 
the period having heba in a ^eoto^cal tease recent in both li(!iiu- 
■pherea— frotD iU haring la«t«d in both during a great kngth of 
lime, as may be infunvd fp.iin the amount of work offecUsd — and 
lastly from gincicre baring reccnllf descended to a low level sloo^ 
the whole line of the CordiUtra, it at one time appeared to me that 
Te could not avoid the cnuclusion that the tenipernture oT the 
whole world bad boon «imuUaneoiiGly lowered during the Gladal 
period. Bnt now Mr. Croll, in a Berics of ailmimble memoin, bai 
attempted to »how that a glacial condition of climat« is the remit 
of variooB physical caudes, brought into operation by an incnasa ig 
the eccentricity of tbe earth's orbit. All the^ causes tond towaitii 
the Bame end ) but the most powerful appfara to be tbe tndiieci 
influence of tbe eccentricity of tlie orbit ujxin oceanic comna. 
Aococding to Mr. Croll, cold ptriods reguiarly recur every ten a 
fiftoou thousand years; and these at long inlcrraU are eitremeli 
severe, owing to certain contingencies, of which tbe most impoitsnli 
as Sir C. Lyeil has »hown, is the relative positioa of tbe land and 
water. Mr. CruU believca that tUe last great Glacial period occunol 
about 240,000 years a^'o, and endured with alight Bltcralioiu U 
climate for abunt KiO.OOO years. With respect to more andeoi 
Qlacial periods, several iieolo^ste are convinced bom direct evidoix 
that such oocuTTvd during tbe Miocene and Eocene formation^ nol 
to mention still more ancient formations. But the most impottanl 
reauit for us, arrived at by Mr. Crolt, is that whenever the northern 
hemisphere passes through a cold period, the temperature of tic 
southern hemisphere U actually raised, with the winters rendered 
much milder, chiefly through chanj^ in the direction of the oceu- 
ourreDts. So convotsely it will be with the northern hemisphere, 
whilst the BonUiern passes thongh a glacia! period. 1'his ooncliuioii 
throws so much light on geographical distribution that I in 
strongly inclined to trust in it ; but I will first give tbe facts, whidi 
demand an eKplanaCioiL 

In South America, Dr. Hooker hss shown that besides muy 
closely allied apecies, between forty and dtty of the flowering plauU 
of Tiena del Fnego, forming no inconsiderable port of its scmIj 
flora, are common to North America and Europe, enoimotulf 
remote as these areas in opposite hemisfihercs are from each othff' 
On tbe lofty mountains of equatorial America a host of peculiu 
ipecies belons^ng to Eurcpan genera occur. On the Organ mmm- 
t^ns of Bracil, some few tem iterate European, some Antarctic, aitd 
some Andean genera were found by Gardner, which do not nil' 
tn the low mtarreniog hot countriea. Os tlie SUlft of CuaitWi 
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) tlie illnitRMiB Humboldt long ago found species belonging to genera 
cboracienstie of the Cordillera. 

Id Africak, several focins charactoriHtic of Europe and loiDe few 
represenUlives of the flora of the Cape of Good Hope occur on the 
mountains of Ab^fsBinio. At the Cape of Good Hope a very few 
European species, believed not to have been introdoced bj man, 
and on the mountaing aevcral repreeenlative Europe&Q forms are 
found, which have not been discovered in the inWrlropical part* of 
Africa. Dr. Hooker has also lately shown that several of the plants 
living OQ the upper pans of the loft; island of Fernando Po aod on 
the neighbouring Cameroon mountains, in the Galf of Guinea, are 
closely related to those on the mauDlaiDS of Ab}'89inin, aud likewise 
to those of temperate Europe. It now olao appeara, as I hear from 
I>r, Hooker, that some of these aome temperate plants have beea 
discovered by the Bev. R T. Lowe on the mountains of the Cape 
Terde iaiands. This extension of the same temperate forms, almoal 
under the equator, ocrcBa the whole ooutiuent of Africa uid to 
the monntains of the Cape Verde archipelago, is one of the most 
aaloDishing facts ever recorded in the distribution of plants. 

iOu the Himalaya, and on the isolated moun Iain-ranges of the 
peninnila of India, on the heights of Ceylon, and on tbe volcanic 
Oimes of Java, many plants occur, either identically the same Ot 
representing each other, and at the same time representing plants 
of Europe, not found in the intervening hot lowlands. A list of 
the genera of plants collected on the loftier peaks of Java, ratset 
a picture of a oolieclion made on a hillock in Europe I Still more 
i atrikin^ is the fact that peculiar Australian forms are represented 
9. by certain plaula growing on the sommits of lie mountains of 
W. Borneo. Some of these Anslralian forms, as 1 hear from Dr. Hooker, 
tf extend along the heiglits of the peninsula of Halocca, and are 

i thinly scattered on the one hand over India, and on the other liand 
aa far north as Japan. 
On the southern mountains of Auatralia, Dr. K. Httller has 
discovered several European species ; other species, not introduced 
bj man, occur on the lowlands ; and a long list c&n be given, ai I 
A am infonned by Dr. Hooker, of European geneia, found in Australia, 
1^ but not in the intermediate torrid regions. In the admirable 
il ' Introduction to the Flora of New Zealand,' by Dr. Hooker, analo- 
y goua and striking facta are given in regaid to the plants of that 
d large island. Hence we see that certain plants grviwinc on the more 
^ kifty mountains of the tropics in all parts of the world, and on tbe 
■ lemperata pluns of the north and south, are dtbcr the same species 
■I or varieties of the same species. It should, howerer, be a~ 
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Uiat thcM plants are Dot atrictly Arctic forms; ftir, as Hr. H.C 
VTsUoQ has rcmArbeJ, " in receding Irom polar towarda eqcMoul 
latitudes, the Atpine or mountain fluras n-slty becoioe less and ks 
Arctic." BeEidcs theaa identical and closvly allied form*, mui 
species inhabiting the same widely sundered areas, belong to geost 
not now found in the intermediate tropical lowlaudo. 

These brief retnarks applj to plants alone ; but seme few acaloguu 
facta could be given in regard to terrEstrial animaU. 
productions, similar cases likewise occur; as an example, I nui 
quote a statement hj the highest authority. Prof. Dana, thU 
certainlj a wonderful fact that New Zealand should have a 
resemblance in its crustneea to Great BritMn, its iuiti|>od<', tL»n «■ 
any other pan of the world," Sir J. Bichardson, also, sjcaks 
the reappeatnoce on the shoreE of New Zealand, Tasmania, Ac, 
of northern forms of Ssh. Dr. Hooker informs me that twralj- 
five species of Algn are common to New Zealand and to Earopt, 
but have not bocu found in the intermediate tropical aeas. 

From the foregoing facts, namely, the preseoce of tvmpemte fonai 
on the highlands across the whole of equatorial Africa, and aloif 
tlie Peninsula of India, to Cejion and the Malay Archipduo^ nj 
in a less well-marked manner across the wide uxpanse of tmial 
South America, it appears almost certain that at aooie IbnM 
period, no doubt during the most serera part of a Glacial poM 
the lowlands of these greet continents were everywhere tesaitil 
under the equator by a considerable uimiber of tempoiate tMBL 
At this period the equatorial climate at the level of the sa «M 
probably about the same nith that now experienced at tho bagU 
of from five to six thousand feet under the sama latitode^ cr 
perhaps eren rather cooler, During this, the coldest 'period, Ik 
lowlands under the equator must have been clothed with a miogM 
tropical and temperate vegetation, like that described by Hooknv 
growing luxuriantly at the height of from four to five thoiiaand fed 
on the lower slopes of the Himalaya, but with perhaps a still 
greater preponderance of temperate forms. So again in the mam- 
lalnous island of Fernando Fo, in the Uulf of GutDe&, Mr. Muis 
found temperate European forms beginning to appear at the Iieizbi 
of about five thousand feeL On the mouut^ns of Panmna, at tk 
height of only two thousand feet. Dr. Seamann found the 
like that of Mexico, "with forms of the torrid zone 
blended with those of the temperate." 

Now let us see whether Mr. CroU's conclusion that whoi tfa 
northern hemisphere sufTered from tl)e extreme cold of the gtw 
Glacial period, the southern hemisphere was nctiiallf warmer thron 
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aaj clc&r light on the present apparent); inexplicable dtBtribution ol 
vanoua orguusms in the temperate parts of both hemispheres, and <w 
the luounlaiiu of the tropics. The Glacial period, as measured hy 
fears, must hare been verj loDg ; and when wb remr>mber over what _ 
vast spaces some natuntlised plants and animals have spread withis if 
a few centuries, thin period will have Iwcd ample for anjr amotu 
migiation. Ab the ould became more and more intense, we kttow 
that Arctic forms Invaded the temperate regions; and, from tlie 
facts just giveo, there can bardlj be a doubt that some of the moK 
vigorous, dominaot and widest-spreadiog temperate forma invadtd 
the equaturial lowlatids. The inhabitants of these hot lowlands 
would at the same time have migrated to the tropical and sub- 
tropical regioDS of the south, for the sonthem hemisphere was at this 
period warmer. On the decline of the Gkcial perio.!, as both hemi- 
spheres gradually recovered their former temperatures, the northern 
temperate forms living on the lowlands under the equator, would 
have been drivcD to their former homes or have been dettro;ed, 
being replaced by the equatorial forms retnmmg from the south. 
Some, however, of the northern temperate forms would almost 
certainly have ascended any adjoining high land, where, if suffi- 
ciently lofty, they would have long survived like the Arctic forms 
on the mountains of Europe, They might have atirvlved, evi 
the climate was not perfectly fitted for them, for the change of ton- ■ 
perature must have been very slow, and plants undoubtedly pnnnmn • !1 
attain capacity for acclimatisation, as shown by (heir tronsmittii); to ' 
their offspring diffeientconstitutional powers of rems ting heat and coU. 
In the regular conrse of events the southern hemisphere would in 
its turn be subjected to a severe Glacial period, with the northeni 
hemisphere rendered warmer ; and then the southern temperate 
forms would invade the equatorial lowlands. The northern forms 
which bad before been left on the mountains would now d«(icend 
and mingle with the southern forms. These latter, when the 
warmth returned, wotild return to their former homes, leaving some 
few species on the mountains, and carrying southward with them 
some of the northern temperate forms which had descended ^m 
their mountain fastneascB. Thus, we should have some few spcciea 
identically the same in the northern and southem temperate aonei 
and on the mountains of the iottutnediatc tropical regions. But 
the species left during a long time on these mountains, or in opposite 
hemispheres, would have to compete with many new forms and 
would be eiposed to somewhat different physical conditions ; hencn 
they would be eminently liable to mudificatdon, and would generally 
now exist as varieties or ai representative spades ; and this is the 
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case. We ronit, alio, beu in mind the occarroice in both him- 
spherei of former Glacial penods ; for these will kooudI, k 
accordance with the same priociplcs, for the manjr quite dMa* 
species iohabitiog the same widely separated aieas, and belongiif M 
genera not now found in the intermediate torrid Eooee. 

It is a remarkable fact stjongt; insisted oa hy Hooko' in iwri 
la America, and b; Alph. de CandoUe in regard to Austnlk, lU 
many moro id<?ntical or rlightlf modLfl«l species hrne mignted bm 
the Qorlh to the scnith, than in a reierscd direction. We m^ 
however, a few southern fanns on the mountains of BoriMO ^ 
Abyssinia. 1 suspect that this prepoudecant migration frtm fli 
north lo the south is due lo the giealer esteot of land in the iwfriy 
and to the nortbcm forou having existed in their own bonMta 
greater Dumbcrs, acd having consequently lieen adv&nced tling^ 
natural selection and competition to a higher stage of perfectiMLd 
dominating power, thaa the southern forms. And tlias, wImb b 
two sets became commingied in the equatorial region^ AaiH 
the alternations of the Glacial periods, the northern fomw wendi 
more jowerfal and were able to hold their places on the monaMn 
and afterwards to migrate sauthward with the soutbcrn fonoi' IM 
not so the southern in regard to the northern forms. In At 
same manner at the present day, we see that Very many EnnaM 
productions cover the ground in La Plata, New ZealAod, and lo * 
lesser degree in Auatraha, and have beaten the n&tirea- irin^ 
extremely few southern forma have become naturalised in an* nit 
of the northern hemisphere, though hides, wool, and other otmcia 
likely to carry seeds have been largely imported into Enrope donif 
the last two or three centuries from La Plata, and daring tbe IM 
forty or fifty years from Australia, The Neilgberrie moontains ii 
India, however, offer a partial exception ; for here^ as I faesx bca 
Dr. Hooker, Anslraliao forms are rapidly sowing tfaemselvn sad 
becoming naturalised. Before the last greftt Glacial period, m 
doubt the inlerlropjcal mountains were stocked with endemic Aipiw 
forms ; but these have almotrt everywhere yielded to the nun 
dominant forms, genemted in the larger areas and toore effideal 
workshops of the north. In many islands the native prodnctka 
are nearly equalled, or even outnumbered, by thoGe which h»w 
become naturalised ; and this is the first stage towards tUi 
extinction. Momitains are islands on the land, and their inhabi- 
tants have yielded to those produced vrithin the larger anna ef th 
north, just in the same way as the inhabilanla of real tslmida )wa 
everywhere yielded and are still yielding to oontioental 
oatuialised through man's agency. 
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The same principles appl^ to the d«tribution of terrestrial 
UiimaU aud of nmrioe productioDB, in th« northern and eoutberu 
•empemle zones, and on the intertropicftl mouDtaiDB. When, 
daring the height of the Glnciol period, the ocean-currenU were 
widelj different to what the; now are, some of the inhabitants of 
the temperate neas might have reached the equator ; of these a few 
would purhai>s ai unce Iw able to migrate soatbward, b; keeping to 
the cooler curreats, whilst olhers might remaiii and survive m the 
colder depths uDtil the Boutbem hemisphere vaa ia its turn sub- 
jected to a ijlucial olimale and permitted their further progress; iu 
nearly the same manner ae, according to Forbts, isolated spaces 
inhabiti-d by Arctic productions exist to the prcaent day iu ihc 
deeper parts of the northern temperate seas. 

I am far from supposing that all the difficulties in regard to the 
distribution and affiniiii.'S of the ideutical and allied speoiea, which 
now Live so widely separated in the north and south, and sometimes 
on the intermedials mountain-ranges, are removed on the views 
above given. The exact lines of migration cannot be indicated. 
We cannot say why certain species and not oLhurs have migrated ; 
why certain species have been modified and have given rise to new 
forms, whilst utbera have rcmaJned unaltered. We cannot hopv 
to explaiu such facts, until we can say why one species and not 
another becomes naturalised by man's agency in a foreign land ; 
why one species ranges twice or thrice as far, and is twice or tlmc« 
la anotbtr species within their own homes. 
IS special difficulties also remain to be solved ; for instance, 
e, as shown by Dr. Hooker, of the same plants at points 
so enormously remoteas KergnulenlAnd, New Zealand, and Fucgia; 
but icebergs, as suggested by Ljell, may hare been concerned iu 
their dis|«rsa1. The existence at these and other distant points of 
the southern hemisphere, of spedes, which, though distinct, belong 
to genera exclusively confined to the south, is a mors remarkable 
case. Some of these species are so distinct, that we cannot sup- 
pose that there has been time since the oommoncemcnt of the last 
Glacial period for their migration and subsequent modification 
to the necessary degree. The facts seem to indicate that distinct 
species belougiug to the same genera have migrated in radiating 
liues from a common centre; and I am incliiied to look in tlie 
BOutbem, as iu the northern hemisphere, lo a former and warmtr 
[Kriod, before the commencement of the last Glacial period, when 
-.lie AntArctic lands, now covered with ice, supported a highly 
peculiar and isolated dora. It maybe suspected that before this flora 
was exterminalul during the last Glacial epoch, a few forma hud 
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been almdj widd; dispened to Tsrioiu poinU of Ibe 
tpbcR bf cccacioDiil means of tnitfpoit, tad hf tlitt m1 ■• iMtaf- 
pUoei, of now aimkeii uUndt. Tbuathe aootbem riKraar.Anna^ 
AnstnUia, and New Zaaland, mj liave become alighllj dktad tf 
tbe nine pecnliai focmi of life. 

Sir C. Lyell in a stiiking pusige has spccnlateil, in haff^ 
dnuxt identita] with mine, on the effects of grvkt ^ttnttkat d 
climate ihroughont the world on geogt^>Ii)cal diatribntim. iii 
we have now «een that Mr. CtoU'b oooolnnoii th&t snoecMiTe Ghol 
period! in tbe one hemisphere coincide with -vnnaet perioJ * ■ Ai 
(^iponle bemiRphrre, togFlherwilh tbe admission of tlteriovnaifc- 
eation of epecje*, explains a mnltitude of facts in tbe distnlmliBrf 
IB anil of the allied forma of life in «J1 part« cf tba ^ofaa. Hi 
living watere have flowed daring one period frorai thie north at 
during another from the souLb, and in both cMe« hava riMf hri lW 
equator : but the stream of life has flowed with graaMr faim Am 
the north than in the oppoeite directJon, and has ooraaeqaantljaM 
freely inuadaled tbe souih. Aa tlie tide leaves ita dtift i> h* 
EODtal lints, rising higher on the shores wbere the tide liwiiliitb*. 
so hare the living waters left their living drift cm our motml* 
a line gentler rismg from the Arctic lowland to a pM 
dtitude under the equator. Tbe varioui beings thna left itxmM. 
may be camiared with savage races of man, driven up and gul l i^i^ 
in the moimtain fastDeasea of almost every land, which Mrre ■ i 
T«ourd, full of interest to ce, of tbe fcmnet inhalMlMitc rf fli 
BoiTOnnding lovlanda 
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GEooBAPRtcAL DiBTBiBmoir— confinti*/. 

lilslributliD of IHih-vatBr prodactiau — On the i[ibiibltaiiU of oc*4ii<* 
bludi — Abnence of Butnchfaiu ud of Uirotml Mammnli — On tbv 
nlillaa of lbs iohiblUnU of iiUndi la tboH of th« nearest lunfnliuid — 
Ou coloniutioa from the nenroit sonn* «itti aiibieqiieiit modilicatlMi 
— Sommur)' of thelset and pre«iit chupter. 

Prak-water Productitmi. 
Ab Iskea and river-aysCemB are Beparated from each other bj bani«rB 
of Und, it might haTe Iic«d ihongbt that fresh-walet productiuiiv 
would not h«Te mngnl widely within the Mme conntrj, and u the 
sea is apixmmtly a stilt mors fonnidBble Imirier, that they nould 
DevHr have extcaded to distant countrieB, Bat the case is exactly 
the revorae. Not only bavo many faah-water species, belonging to 
difiuroDt cliutsca, au eDortaous range, bnt allied species prei-ail in a 
Temarliftble manner throughout the world. When first collecting 
ID the fresh waters of Utazll, I well remember feeling much sur- 
prise at the simibinty of the lTi»h-water insects, shells, &c., and 
Hi the dissiuiilarity of the aurroundiog terrestrial bvioga, compareil 
with those of Britaiu. 

But the wide ranging power of lieah-wator prodnctions can, I 
think, in most cases be explained by their having become fitted, in 
a manuur highly useful to them, ibr short and frequent migrations 
from pond lo poud, or from stroani to stroaro within their own 
countries! and liability to wide disperEsl would follow from this 
capacity as an almost necesssry oansequence. We can here oongider 
only a few cases; of these, some of the moat difficult to explain 
are presented by Gsb. It was formerly believed that the same 
fresb-wator species never existed on two continents distant from 
each othur. But Or. Oiinther has lately shown that the GaJaxias 
attenuatus inhabits Tasmania, New Zealand, the Palkland Islands, 
and the mainland of South America. This is a wonderful case, and 
probably indicates dlnpersal from an Antarctic oentre dnring a fonuar 
warm period. This cue, however, is tendered in some degree Ibm 
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BiupriiJDg by the species of this genua baring the power i;^ cnMf 
by EOme unknown means coaaidenible spaces of open ocewi : thl 
there is one species common to Mew Zealand oad to tbe AmkM 
Islands, though sepataled by a disumce of about 230 milw. Ch 
the same continent frcsh-walcr fiah often range widely, and ■ I 
capriciaualy ; for in two ailjoinicg rive r-ey sterna some of the qMJS 
maybe the same, and some wholly different. It is ]«ol«fabte 
they are occafionally transported by what noay be called ModcMil 
means. Thus fishes still alive are not very raroly dropped at di«U 
pinDta by nbiilwinds ; and it Is known that the ova retein lU 
vitality for a conaiilerablo time arier removal (ram the «IK 
Their dispersal may, however, be mainly attribat«d to changa il 
the level of the land within the recent period, causing riven to fe>* 
into each other. Inslnncea, also, could bo given of this bnaf 
occnrred during floods, without any cliange of leveL Tbt wife 
differenoe of the fish on the opposite sides of moet moimtsia-nagH 
which are continnous, and which consequently must from en MJy 
period have oomplately prevented the inosculation of the imr 
systems on the two sides, leads to the same conclumon. Sots 
freeh-water Gsh belong lo very ancient forms, and in aueh cuM 
there will hare been ample time for great geosrapliical cbsnge^ vi 
oonsequoDlly time and means for much migration. Horeovtf Ik. 
Clintber bis recently been led by several condderatlcais to od* 
that witL fishes Cbe snme forms bare a long enduratice. 6alt-w»tff 
fish can with care be slowly accustomed lo lire in fivsh waliti 
and, occordiug to Valenciennes, there is hsidly a angle groop •' 
which all the members aie confined to fresh water, so t^t % mariM 
species belonging to a freah-waler grocp might travel fv ulun g tba 
shores of the sea, and could, it is probable, become adapted wjUmrI 
much difficulty to the fresh wateis of a distant land. 

Some species of frcsh-waler Bhells have very vide ranges, Btt 
allied species which, on our theory, are descended from a cmuiub 
parent, and most have proceeded from a single souroe, pterwt 
throughout iho world. Their distribution at first perplexed nt 
much, ns their ova are not likely to be transported by- faitda- tnl 
the ora, as welt as the adults, are immediately billed by ma wim 
I could not eren underatand bow some naturalised speoM Ikt* 
spread rapidly throughout the same country. But two faot^whkb 
I hare observed — and many others no doubt will be diacnvsed— 
Ibrow some light on this subject. When ducks suddenlr tmcKi 
fiom a pond covered with duck-we<^, 1 bare twice aeen that IHtlt 
plants adhering to their backs; and it has happened lo m^ in 
removing a little dnck-weed Irom one aquoriiun to anotker, tint 1 




Chap. XUL] PHESH-WATER PBODUCnONS. 



346 



h&ve UDiuteDlioDHlly stocked the ooe wiih freah-VBter shells from 
the oilier. But aaotber agency U perbapi inore effectuul: I sus- 
pended the feet of a dock is an aqnsrium, where mimj ova of fresh- 
water ihells were hatcbing; and I found tbnt numben of the 
exiremel; minute and just-halcbed shells crawled on the feet, and 
oluQg lo them ho Bnul; that wbeQ taken out of the wiil«r they 
ooold not ba jarred off, thongh at a somewhat more advanced age 
th^ would voluolftrily drop o£f. These juat-halobed moUnaca, 
though aquatic iu their nature, surrived on the duck's feet, in 
ilunp air, from twelve to twenty hours; and in this length of time 
a duck or heroa might fly at least six or seren bundled niileH, and 
it blown acroBfl the Bsa t« an oceanic island, or to any other dislant 
jXiint, would be sure to alight on a pool or rivulet. Sir Charles 
LyoU iniomis me that a Dyliscus baa been caught with an Ancylus 
(a freeh-wnter shell like a limpet) firmly adhering to it ) and a 
water-beetle of the same family, a Colymbelos, once fiew oa hoard 
the ' Beagle,' when forty-Gve iiiilos dialjuit from the nearest land ; 
how much Cortliur it mi^ht have bwu blown by a favouring gale 
uo one can tell. 

With respect to plants, it baa long been known what enormous 
ranges many fresh-water, and even marsh species, hare, both over 
continents and to the most remote oceanic islands. This is strikingty 
illustrated, according to Alpb. de OandoUe, in those large granps of 
tcTrestnal plants, which have very few aquatic members; for the 
latter seem immediately to acquire, as if in consequence, a wide 
range. 1 think favourable means of dispersal explain this fact, t 
hare before ui'ntionod that earth occasionally adheres in some 
quantity to the fe«t and beaks of birds. Wading birds, which fre- 
quent the muddy edges of ponds, if suddenly flushed, would be the 
most likely to have muddy feet. Birds of this order wander more 
than those of any other ; and they arc occasionally found on the 
most remote and barren islands of the open ocean ; they would not 
bo likely lo alight on the surface of the sea, so that any dirt en 
their feet would not be washed of; and when paining the land, 
they would be sure to 6y lo their natural fresh-walor haunts. I do 
not believe that bolauista arc aware how charged the mud of ponds 
is with seeds; I hare tried several little eiperinipnts, but will here 
give only the most striking case : 1 took in February thra« table- 
spoonfuls of mud from three different points, beneath wat«r, on the 
edge of a little pond : this mud when dried weighed only til ouncea ; 
1 kept it corertd up in my study for six months, pulling up and 
voimting each plant as it grew ; the plants were of many kinds, 
and were altogether 637 in number; and yet the viscid mod ma all 
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oonCained in % breakfast cup I Oonsidering these facts, I think ir 
would bo &□ inexplicable circumstimce if wBt«r-binJ8 did not (n*- 
port the seeds of freah-water plants to tinittocked ponds atid sttMK 
■itimled at very diatant poioU. Tbe eame agencj- mav bsTe cm 
Into play with tbe i>^gs of Bome of the imaller Treeh-WBler aiumk 

Other and unknown agesciea probably have also played ■ juL 
I have stated that freah-watei fish eat some kinda of seeds, thoofi 
they reject many other kinds after having swallowed them ; enn 
■mall liiih swallow seeds of moderate bIec, as of the ^llow tml» 
lily and Potaiooget^n. Herons and other birds, c«Dtur7 sAtr «» 
tury, have gone on daily devouring fisbj they then lafce Sight nJ 
go to other waters, or are blown across the sea; and we have tta 
that seeds retain their power of genuioatioii, when rejected naq 
hours afterwards in ptUets or in the excrement. When I «wlh« 
great siiB of thu eoeds of that fine water-lily, the Nelnmbium, *ai 
remembered Alph. de Candollo's remarks on the distributiaD rf 
this plant, I thought that the means of its dispersal moat lamia 
ineiplicable ; bat Aivdubon states that he fouiid the seeds of Ai 
great southern water-lily (probably, according to Dr. Hooker, ti» 
Nelnmbium luteum) in a heron's stomach, ^'ow this Irird mot 
often hftvo fiown with its stomiich thua well stocked to diswnt 
ponds, and then getting a hearty meal of 6ah, analogy inak« iw 
believe that it would have rejected the seeds in a pelhft in a fit ttan 
for germination. 

In considaring these several means of distribntion, it should b- 
remembered that when a pond or stream is first fonned, for instance, 
on a rising islet, it will be unoccupied ; and a single seed or ess 
wiU have a good chance of succeeding. Although there will alwayi 
be a struggle for life between the inhabitants of tbe same poaii 
however few in kind, yet sa the number even in a well-stocked pood 
la small In comparison with the number of species inbalnting in 
eqnal area of land, the competition between them wjU prohablv be 
less severe than between teircstrial species; cDoseqnenily na in- 
trader from the waters of a foreign country would have a bettti 
chance of seizing on a new place, than in the case of teriVElrnt 
mlonisla. We should also remember that many fresh-wat«r pro- 
ductions are low in the scale of nature, and we have reswon Ia 
believe that anoh beings become modified more slowly than the 
high ; and this will give time for the migration of aquatic opecka. 
We abould not forget the probability of many fresh-water ferns 
having formerly ranged continuously over immense area^ and then 
liavbg become extinct at intermediate points. But the wide di^< 
Iribution of fresh-walfr plants and of the lower 
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retaining Ihe same identical Tonii or in mme degree modified, appa- 
ranlly doprndg in roato part on the wide dispersal of their teeds 
and eggs by animals, more eBpccially bjr ritah-water birds, which 
have great powers of flight, and naturally travel from one pece ol 
valcT to another. 

On the /nAaiitanb of Oceanic Islandl. 

We now come to the last of tho three classes of facli, which 1 
haTe eetected as preseoting the greatest amount of difBculty with 
rcepect to distribution, on the view that not only all the individuali 
of the same species have migrated from some one area, but that 
allied spccieii, although now inbabilbg tlie most distatit poinU, 
have proceeded from a angle arcft, — the birthpUce of their early 
progenitors. I bave already given ray reasons fur diabelieviDg In 
coDttnental extensions within the period of existing apeoies, on so 
cuomiaus a scale that all tho many ialanda of (he several oceans 
wore thus stocked with their present terrestrial inhabitants. This 
view removes many difficulties, but it does not accorl with all the 
facts in regard to the productions of islands. Id the foltowine 
remarks I shall not confine myself to the mere question of dispersal, 
bat shall consider some other cases bearing on the truth of the two 
theories of independent creation and of descent with modification. 

The species of all kinds which inhabit oceanic islands are few In 
number compared with those on equal continental areas: Alpb. dc 
CandoUe admits this for phuits, and WoUaston for insects. New 
Zeabud, for instance, wit4i its lofty motintains and diversiGcd 
Blalious, extending over 760 miles of latitude, together with tho 
outlying islands of Auckland, Campbell and Omtbam, contain 
sltogotbcr only 960 kinds of flowering plants ; if we compare tliis 
moderate number with the species which swarm over equal areas in 
South-Western Australia or at the Capo of Good Hope, we most 
admit that some cause, independently of different physical con- 
ditions, has given rise to so great a diflerence in number. Even 
the uniform connty of Cambridge has 617 plants, and the little 
island of Anglcsea T64, but a few ferns and a few introduced 
plants are included in these numbers, and tho comparison in some 
other respects in not quits fair. We have evidence that the barren 
island of Ascension aboriginally posseased less than balf-a-doien 
flowering plants; yet many species have now become naturalised 
on it, as they bave in New Zealand and on every other oceanic island 
which can be named. In St. Helena there is reason to believe that 
the naturalised phuita and animals bave nearly or qnite exter- 
minated many native productions. Be who admits tiie doctrine 
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of the creation of each eepaniU epeciea, will b*«e to •drnh tte 
a snfficieDt nnmlier of the best adapted plants and uiimab wm 
not created for oceanic islands ; for man has unintentionall; tuM 
them far mora fall)* and perfectlv than did nature. 

Although ID oce&oic isliuda the species are few in inuiibB,lk 
proportion of eademic kinds (■'. e. those found nowben tim ■ 
the world) ia oflea extremely large. If we compare, for inBua, 
the number of endemic land-shelia in Madeira, or of endeoiie IM 
in the Galapagos Archipelago, with the namber found oo nf 
continent, and then compare the area of the island with that al 
the continent, we ahall see that this is true. This Ct^ va^ 
have been theoretically expected, for, as already^ esplkined, ip<M 
ODCawonally airiving after long intcrTals of time in a new Hi 
isolated district, and having to compete with now Bssociatea^ w^ 
be eminently liable to modification, and wonld often produce fittf 
of modi6ed descendanta Bat it by no means follows Uiat, beCMi 
Id an island nearly all the species of one class are peculiar, IhCKrf 
another class, or of another section of the same class, aiv peeslir. 
and this difference seems to depend partly on the species vhid iB 
not modified having immigrated In a body, so that their mslail 
relations have not been much disturbed ; and partly aa tbe b^ 
quent arrival of unmodified immi^nts from the mothcTHxnBMTi 
with which the insular farms have ititercros3«l. It shooU h 
boroe in mind that the offspring of suoh crosses would eetttU} 
gain in vigour; so that even an occasional raooB would pndw 
more effect than might have been anticipateil. I will ^re ■ Iw 
iltostrations of the foregoing remarks : in the Oalapagoa Inland 
there are 26 laod-biids ; of these 21 (or perhaps 23) are pecnlkt, 
whereas of the 11 marine birds only 2 are peculiar; aiid it n 
obviona that marine birds could arrive at these islatids much mm 
easily and frequently than land-birds. Bermuda, on the otbr 
hand, which lies at about the same distance from Korth Amvin 
ai the Qalapagos Islands do from South America, and which im 
a very peculiar soil, does not possess a single endemic luid-laid; 
and we know from Mr. J. M.Jones's admirable account of Benoadi. 
tiiat very many North American birds occasionally or cren 6»- 
qnently visit this island. Almost every year, as I am infonod 
by Mr. E. V. UarcourC, macy European and African lurds in 
blown to Madeira ; this island is inhabited by 99 kinda, irfwhift 
one alone is peculiar, though very closely related to a Enrapsa 
form; and three or four other species are confined to this idinl 
ana lu the Canaries. Si> that the Islands of Bermuda and Uodeii* 
have been stocked Irom the neighbouring continents with binb. 
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which for long ages have there struggled tr^ethcr, ani] hsve 
become mutually co-aiiapted, Henca wiien settled in their new 
homes, each kind will have been kept bj the otbera to ita proper 
plAce and habits, and will conaequently have been but tittle liable 
to moditicatioD. Any t^udeccy to modification will al«o have been 
checked by interoroasing with the unmodified immigrants, oftKH 
arriving from the mother-country. Madeint again ii inhabited 
by a wonderful number of peculiar lond-shelU, whereas not ons 
speciea of sea-shell is peonliar to its shores : now, though we do 
not know how sea-Bhells are dispersed, yet we cnn tee that their 
eggs or larvcE, perhaps attached to seaweed or floating limber, or to 
the feet of wading-birda, might be transported across three or four 
handred mitee of open sea far more easily than land-shells. The 
differtnt orders of insects inhabiting Madeira present nearly parallel 

Oceanic islands are somotimeg deficient in animals of certain 
whole classes, and (heir places are occupied by other cUasea : thus 
in the Galapsgoe Islands reptiles, and in New ZcAland gigantic 
wiuglesB birds, take, or recently took, the plaoe of mammals. 
Although New Zealand is here spoken of as an oceanic islaiul, 
it is in some degree doubtlul whether it should be so ranked; it 
is of large sice, and is not separated from Australia by a profoundly 
deep sea; from Its geological character and the direction of ili 
mountain-ranges, the Rev. W. B. Clarke has lately muntained 
that this island, as well aa New Caledonia, should be considered as 
appurtenances of Australia. Turning to plants. Dr. Hooker baa 
ibowQ that in the Gnlapogos Islands the proportional numbers of 
the dilTerenl orden are veiy different from what they are elsewhere. 
All soch difiereucQS in number, and the absence of certain whole 
groups of animaU and plants, are generally aocounled for by rap- 
posed diCfcrences in the physical conditions of the islands; but this 
explanation is not a httle doubtful. Facility of immigration 
seems to have been fully as im^iortant as the nature of the tra- 
ditions. 

Many reuarkable little facts could be given with respect to the 
inhabitants of oceanic islands. For instance, in certain islands not 
tenanted by a ungle mammal, some of the endemic plants have 
beautifully hooked seeds; yet few relations are more manifest 
than that hooka serve for the tnnaportal of seeds in the wool 
or fur of quadrupeds. But a hooked seed might be carried to 
an island by other means ; and the plant then becoming modified 
would form an endemic spedes, still retaining its hooka, which 
would fium a om1«ss appendage like the shrivellad wings under 
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the soldered wing-covers of nuuij iusnlar beetles, Ag>ia, UiA 
Lreee or bushoa beloDgiug to onlere wbich riaMiai 
include on!; herbaceous species; dow trees, ns Alph. de CmJA 
ha» ebowu, generally have, whatever the csuso maj be, coOkd 
laogea. Ueoce trees would be little likely to rekch diatutcoa* 
islands ; and eui herbaceous plant, which had no cfaaooa of *aMW 
fully competing with tbe many fully developed tnea gmsiog • 
a oontineot, might, when established on on IaIbiiiI, gaiii an tb^ 
!i othec herbaceous plants by growing tAlter ■»<< UUk m1 
overtopping tbem. In this case, natural selection would Hod ■ 
add to the statnie of the plant, to whaterur ordar it 
thus first convert it into a bosh and theit into a true. 



With respect to the absence of whole orders of antniftU on 
islands, Boiy St. Vincent long ago remarked that 

" _B, toads, newts) are never found on any of the maDy UkA 
with which the groat oceans are studdc<l. 1 hav« taken paiiK b 
verify this assertion, and have found it true, with t^ excqitill 
□f New Zealand, New Coledocin, the Andaoum Islanda, and pw- 
haps the Balomon Islands and the Seychelles. Bat I hare alnair 
remarked that it is doubtful whether New Zealand aad New 0^ 
donia ought to be classed as oceanic uilands ; and this ia still nMt 
doubtful with respect to the Andaman aoA Sulomoa gronpi vd 
the Seychelles. This general absence of frogs, toads, and nswti ■ 
so many tnie oceanic islands cannot be accounted for by thK 
physical conditions : indeed it seems that islands are pecoliiih 
fitted for these animals ; for frogs have been iatrodnced into Va- 
deira, the Azores, and Mauritiiui, and have multipliud so M to 
become a nuisance, fiut as these animals and their spawn we im- 
mediately killed (with the eiception, as Car as known, of <m» T ffitii 
species) by sea-watw, there woiUd be great difficulty- in thai turw- 
portal across the sea, and therefore we can see why tliey do net 
exist on strictly oceanic islands. Uut why. on the theory of ow- 
tion, tbey should not have been created there, it would be twj 
difficult to explain. 

Mammals offer another and similar case. I have carefully aMiehsd 
the oldest voyages, and have not found a single instance, Irao fioa 
doubt, of a terrestrial mammal (eiclnding domesticated aniinali 
kept by the natives) inhabiting an island situated abuve 300 mil* 
from a continent or great continental island ; &nd tnany inUrki« 
situated at a much less diatanec are uqually barren. Tho FalUanil 
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Islands, which are inhabited by a wolf-like fux, corao nearest Us an 
exception 1 but this group uaanot be coru-lderod as oceanic, a> it 
lies on a bank ia coonection with the maiuland at the distance i>t 
about 280 miles ; moreoTer, icebergs (armeil; brought boulders to 
its western ahoies, and they may have formerly traoaported fcnex, 
as non frequsutly happeDs in the arctic regions. Yet it cannot he 
said that small islands will not support at least small mammaltt, 
for tbey occur in many pArtii of the world on very small isbmds, 
when lying close tu a continent; and hardly an island can be 
named on which our smalUr quadrupeds have not become oatu- 
raliaed and greatly multiplied. It cannot be sdd, ou the ordinary 
view of creation, thitt then^ has not been time for the creation of 
mammals ; many volcanic inlands are sufficiently ancient, as shown 
by the Btiipendons degradation which they have suUered, and by 
their tertiary strata : there has also been time for the pruduotiun 
of endemic species belonging to other classes ; and on continents 
it is known that now species of mammals appear and disappear at 
k quicker rat« than other and lower animals. Although terrestrial 
mammals do not occur on oceanic islands, aerial mammals do occur 
on almost every island. New Zealand possesses two bats found 
nowhere else In the world : Norfolk Island, the Viti Archipelago, 
the lionin Islands, the Caroline and Marianne Arcbipolngoes, and 
Mauritius, all possess their peculiar bats. Why, it may be asked, 
has the supposed creative force produced bats and no other mam- 
mals on romol« islands ? On my view this question can easily be 
answered ; for no terrestrial mammal can be transported across a 
wide space of sea, but bats can fly across. Bats have been seen 
wondermg by day hi over the Atlantic Ocean; and two North 
American species either regularly or occasionally visit Bermuda, at 
the distance of 600 miles from the mainland. I hear from Mr. 
Tomes, who has specially studied tliis fiunily, that many species 
have enormous ranges, and are found on continents and on for 
distant islands. Hence wo have only to suppose that such wan- 
dering species have been modified in their Dew homes in rebtiuu 
to their new position, and we can understand the presence ul 
endemic bats on oceanic islands, with the absence of all other 
terrestrial mammals. 

Another interesting relation exists, namely between the depth 
of the se* separating islands from each other or from the nearest 
continent, and the degree of affinity of their mammalian inha- 
bitants. Mr. Windsor Earl has made some striking observations 
on this head, since greatly extended by Mr, Wallace's odmirable 
researches, in regard to the great Malay Aiolu[«lago, which it 
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tnvcreed near Celebes hy a ipac« of deep oceaa, and t^is Mputtt 
two widely distmot tnammalion faunss. On either aide the islKodi 
stand on a moderately shallow Euhmarino bank, and theae iibsdt 
are inhabited by the same or by closely allied quadrupeds. I lot 
not as yet had time to follow up this subject in all auarton of Ai 
world; but as far as I have goue, the relation holds good- he 
instance, Britain is separaUd by a shallow channel from Eraof^ 
and the '""'""'»l» are the same on both sides ; and so it i« withd 
the ialanda neat the shores of Australia. The West Indiui laUal^ 
on the other hand, staud on a deeply submerged bank, neariy lOOO 
fothonu in depth, and lierc we find American formia, bat tbeqicda 
and even the genera are quite di«Unct. As ths amount of aedt 
fication which aninuls of all kinds undergo, partly depeoda oa A* 
lapse of time, and as the islands which are separated bom mA 
other or from the mainland by shallow chaunoU, %n man Itt^ 
t« have been continuously united within a recent period thtu tbi 
islands separated by deeper cbauuels, we can underetsnd bovit 
is that a relation exists between the depth of the sea Mpwalii^ 
two mammaliaD faunas, and the degree of their affinity, — » relstiM 
which is quite inexplicable on ths theory of Independent tCK <t 
creation. 

The foregoing statfimente in regard to the inhabitants of oeMaie 
Islands,— namely, the fewness of the species, with a lai^ proportMi 
consisting of ondemic fonns — the members of certain gntu)]^ bit 
not those of other groups in the same class, having been modifisd — 
the absence of certain whole orders, as of batrachians and of ttf" 
reatrial mammals, notwithstanding the presence of aerial bats,^ 
the singular proportions of certain orders of plants, — herbaoeoai 
forms having been developed into trees, Ac., — seem to me to aocMd 
better with the belief in the efficiency of occasional means of tnua- 
port, carried on during a long course of time, than with the belid 
in the former connection of all oceanic islAnde with the nearer 
continent; for on this latter view it is probable that the varioni 
classes would have immigrated more nniforraly, and &ran ihs 
species having entered in a body their mutual relations would not 
have been much disturbed, and consequently they would either hw* 
nut been modified, or all the species in a more equable manlier. 

I do not deny that there are many and sorioos difficumci in 
understanding how many of the inhabitants of the mora lemoU 
islands, whether still retaining the same specific: form or sqIhf- 
quently modified, have reached their present homos. Bat Ih* 
prohaUlity of other islands having once existed as haltine-idarcs, 
of which not a wreck now remains, mast not be orerlookod. I «iil 
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epecifj one difficult case. Almost all oceanic islaDds, e?eii the 
most isolated and gmallesl, are inhnhitcd by land-shetts, generally 
by endemic species, but sometimeB by species found elsewhere, — 
Blrikiog instances of which have been given by Dr. A. A. Gould 
in relalLon to the Pacific. Now it ia nntorioiu that land-shells 
are esaily killed by sea-wnter; their eggs, at least soch vi I have 
tried, sink in it and are kiUoi. Yet th«re moat be sume onknown, 
but occasionally efficient means for their transportal. Would the 
juiit-halched young sometimes adhere to the feet o( birds roosting 
on the ground, Aud thus get transported ? It occorr^ to toe thnt 
kod-sbells, when hybernating and having & membranous diaphragm 
over the month of the shell, might be floated in chinks of drifted 
timber across moderately wide arms of the sea. And I find thai 
several species in this state withttaod uninjured an immersion in 
sea-water diuing seven days : one shell, the Helii pomatia, after 
having bmn thus treated and again hyljematlng wm put into aea- 
water for twenty days, and perfectly recovered. During this length 
of time the shell might have been carried by a marine .current of 
average swUtness, to a distance of 6G0 geographical miles. As 
this Helix has a thick calcareous operculum, I removed it, and 
when it had formed a new menibninouB one, I again immersed it 
for foortren days in sea-water, and again it recovered and crawled 
away. Baron Ancapit^ioo has since tried similar experiments : he 
placed 100 land-shetls, belonging to ten species, in a boi pierced 
with boles, and immened it for a fortnight in tlie sea. Out of the 
hundred shells, twenty-seven recovered. The presence of an oper- 
culum seems to have been of importance, as out of twelve specimens 
of Cyclostoma elt^tJis, which is thus furnished, eleven revived. It 
is remarkable, seeing how well the Helix pomatia rcsistrd with me 
the Balt-wat«r, that not one of fifty-four specimens belonging to 
four other spBcins of Helix tried by Aucspilaine. recovered. It is, 
however, not at all probable that Li&d-shells have often been thus 
Lronsportcd ; the feet of birds offer a more probable method. 



The most striking and important fact for us is the affinity of the 
species which inhabit islands to those of the nearest msauland, 
without being actually the same. Numerous instances could be 
given. The tiaUpagos Archipelago, situated under the equatcr, 
lies at the distance of bctweeu oDO and 600 mites from the shores 
of South America. Here almost every product of the land and of 
the water bean the nnmistakeable stamp of the American oonttneiil. 
2 a 




Tbers are twenty-aii kod-lnrds; of these, twEoty-one ot pa^> 
iwenty-three are ranked M dUtmct Bpecies, Kud would omuDBilf h 
axsumnl to have been here created ; Tet th« close affijiity of M 
of Ibese birds to Amorican species is manifest in every ehincK, 
in their bnbits, gestures, and tones of Toice. So it is with the Mbr i 
anunals, aad with a large proportion of the plants, as ahovi I* 
Dr. Booker in his admirable Flora of this archipelago. The d* 
ralist, looking at the inhahitants of these volcanic ialandc in: 
Pacific, distant several hundred miles from the continent, feeU tM 
he is El&nding on American land. Why should this b« m T tiy 
should the species which are supposed to hsve beea creUai a 
the Galapagos Archipelago, and nowhere else, bear so plainly la 
stamp of affinity to those created in America ? There is mt^ 
in the conditions of life, in the geological nature of the island^ li 
their hdght or climate, or in the proportionB ia which the semi 
classes are associated tt^ther, which closely resemblee tha a 
ditions of the South American coast: in bet, there ia • oauai 
able dissimilarity in all these respects. Oii the other huid,thn 
is a considerabte degree of resemblance in the volcanic naton J 
the soil, in thft climate, height, and size cf the islands, lietwewth 
Oalapt^oa and Cape Verde Archipelagoes : but what an stoi 
and absolute difference in their inhabitants 1 The inhaUtanU 
the Cape Verda Islands are related to those of Africa, like U 
of the Qalapagos to America. Facts snob as these, admit <i M 
sort ol explanation on the ordinary view of independent cnalkt: 
whereas on the view here maintained, it is obvious that the Oil* 
pagos Islands would be likely to tcoeiva colonists fixim J 
whether by occasional means of transport or (though I d» M 
believe in this doctrine) by formerly continuous land, and tha Of* 
Terde Islands from Africa ; such colonists would bs liable to uA 
fication, — the principle of inheritance still betraying tbMr on^i^ 
birthplace. 

Many analojiDiis facts could be given : indeed it is an al 
univeraal rule that the endemic productiona of islands are r«__ 
to those of the nearest continent, or of the nearest large islu^ 
The exceptions are few, and most of them can be einUin^ 
Thus although Kergnelen Land stands nearer to Africa thai 
America, the plsnts are related, and that very closely, as we b 
from Dr. Hooker's account, to those of America i but on thav^ 
that this island has been niainly stocked by seeds braosbt «ili 
earth and atones on ioe'iergs, drifted by the prevailing o 

this anomaly disappears. New Zealand in its endttnio p 

much more closel j related to Australia, the nearest rs^olsi^ ite 
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to :tny other r^oo : and this is what might have been expected ; 
but it is also plainly rehited to South America, wliich, lUlhough 
the next Dearest continent, is so enonnoualy rer:iote, that the tiu't 
beootnw aa aaomalj. But this difficulty partially disappears on 
the Tiew that Now Zoftland, South America, and the other southeru 
lands have been stocked ia port from a nearly intermediate though 
distant point, namely from the antarctic islands, when they were 
clothed with vegetation, during a warmer tertiary period, before the 
commencement of the last Glacial period. The affinity, which 
though feeble, I am assured b; Dr. liooker is real, between the fiorii 
of the south-western comer of Australia and of the Cape of Good 
Hope, is a far more remarkable case ; but this affinity is confined 
to the plants, and will, no doubt, some day be explained- 

Tho same law which has determined the relationship between 
the inhabitants of islands and the nearest mainland, is sometimei! 
displayed on a small scale, bnt in a most interesting manner, 
within the limits uf the same archipeli^o. Thui each wpnrate 
island of tbo Gaiaiugos Archipelago is tenanted, and the fact is a 
marrelloDB one, by nutn; dietincC Bpecies: but tbeae species are 
related to each other in a Tery much closer manner than to the 
inhabitants of Ibe American continent, or of any other quarter 
of the world. This is what might have been expected, for islands 
situated so near to each other would almost Dccessarily receive im- 
migrants from the some original source, and from each other. But 
how is it that many of the immigrants have been differently 
modified, though only in a small de^ee, in islands situated within 
sight of each other, having the same geological nature, the same 
height, climate, ftc. ? This long appeared to mo a great ditBculty : 
but it arises in chief part from the deeply-seated error of considering 
the physical conditions of a country as the most important; whereas 
it cannot he disputed that the nature of the other species with 
which each has to compete, is at least as important, and generally 
a far more important element of success. Now if we look (o the 
species vahidh inhabit the GalspBgos Archipelago and are llkii- 
wiso found in other ports of the world, we find that they differ 
coDsidorably in the several islands. This difference might indeed 
have been expected if the ialands have been stocked by occasional 
means of transport — a seed, for instance, of one plant having been 
brought to one island, and that of another plant to another island, 
though all proceeding from the same geoeial source. Hence, when 
in former times an immigrant first settled on one of the islands, 
or when it subsequently spread from one to another, it would 
imdoubtedlj be oiposod to different conditions in the different 



isl&DdB, foe it would bava to compete vitb ■ i 
organisms; a plant for imtance, would find the ^t 
for it oocupied by somewhat diSereot speciei ii 
iglands, and would be exposed to tbe attacks of i 
fcreut enemies. If then it varied, nattir&l selection n 
favour diEToreot varieties in the different islands. 
liowever, might spread and yet retain the mjua 
out the group, juat as we Bee eome ipeciei 
throughout a continent and remaining the same. 

The realiy eurprislng fact io this case of th« Gftlapieos ARbi|» 
lago, and in a lesser degree in some analogous eaarm, is tint wA 
new species after being formed iu any one idand, did not nst 
qaiokly to the other isUnda. But the ialaads, thoDeb in sdH' 
each other, are Boporated by deep arms of the a^ in moei 
nrider than the British Channel, nod there is do i«ason to n 
that th(-j have at any former period been oontinnuuily t 
The currents of the sea are rapid and sweep betweeo the iihn^ 
and galea of wind are eitraordinarily rare ; eo tJwt the i«l—1« m 
far more efTi'ctiially sepaiated from each other than they •pnarii 
K mnp. Naverthcless some of the specica, bdtli of tboee haiJik 
other parts of the world and of those conBned to the niiTiiiii^iiL 
are common to the Geveml islands ; and we may infer Inta lb> 
pre«eDt m&noer of distribution, that they have eptead ban a 
ialaod to the otheis. But we often take, I think, an entuneont n 
of the probabihty of ctosely-allied species invading eaii ol^A 
territory, when put into free intercommunication. Undonbtedy, 3 
one species has any advantage over another, it will >q a very \atd 
time wholly or in part supplant it ; but if boCb are equally well fttitj 
ibr their own i>lflcea, both will probably hold their ee[nrste ptiM 
for almost any length of time. Being familar with tie fact thai 
many species, naturalised through man's agency, have spread witb 
astonishing rapidity over wide areas, we are apt to infer that niutl 
species would thus spread ; but we should remember that the ai 
which become naturalised in new cotmtries are not generally clcailj 
allied to the aboriginal inhabitants, but are very distinct fenn 
belonging in a large proportion of cases, as nhown by AltJi. ita 
Candolle, to distinct genera. In the Galapagos Ardupclago. nw"J 
even of the birds, though bo well adapted for flying frtm islad 
to islaniT, differ on tbe different islands; thus there are thiM 
closely-allicd species of mockiug-thrush, each couGned to ite on 
islaud. Now let ns suppose the mocking-thrnah of Ckathua 
Island to be blown lo Charles Island, .vhich has its om mockine- 
thrush; ytbf should it sooceed in eatabliahing itaelf thete? W* 
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m^f mle\j infer that Charlet IslHod is well stocked with its own 
Bpecies, for annoall; more eg^ nro laid and joaag bink hatched, 
llutn can possibly be reared; and we may icfor thnt tho mocking- 
thrush pecdiar to Charles Isliuid is at least as well fitted fur it^ 
home as La the sjiecics peculiar to Chatham laiaod, Sir C. L}rell 
and Mr. U'ulLastoa have communicated lo me a remarkable bet 
bcari-jg on thm subject; namely, that Madeira and the adjoiniag 
islet of Porto Santo possess many distinct but representative 
sjsccies of land-shells, some of which Uto id crerices of stone ; 
and although brg;e quantities of stone are annually transported 
from Porto Santo to Madeira, yet this ktter island has not be^nne 
colonised by the I'orto Santo spwiea; nevertheless both islands 
have been colonised by European land-shells, which no donbl had 
some advantage over the indigt^nous specieH. From these con- 
sidecations 1 think we need not greatly marvel at the endemic 
spvciea which inhabit the several islands of the Galapagos Archi- 
jjeUgo, not having all spread fniia island to isUud. On the some 
contitient, also, preoccupation has jirobably played aa important 
part in c_ecking tbe commingling of the species which inhabit 
different districts with nearly the same physical conditions. Thus, 
the south-east and south-west comers of Australia have nearly the 
same physical conditions, and are nnited by continuous land, 
yet they arc inhabited by a vast number of distinct mammals, 
birds, niid plants; k it is, according to Mr. Bales, with the butter- 
Bios and other animals inhabiting the great, open, and continuous 
valley of the Amaions. 

The same principle which governs tbe general character of the 
inhabiloota of oceanic islands, namely, the relation to the source 
whence colonists could have been moat easily derived, together with 
their subsequent modification, is of the widest application through- 
o\it nature. We see this on every moantaiD-summit, in every Uke 
and marsh. For Alpine species, excepting in as fur as the same 
species have become widely spreftd during the Glacial epoch, uv 
related to those of the surrounding lowlands ; tiins we have in 
South America, Alpine humming-birds, Alpine rodents, Alpine 
plants, &c., all strictly belonging to American forms; and it is 
obvious that a mountain, as it became slowly upheaved, would be 
colouisod from the surrounding lowlands. So it is with the inha- 
bitants of lakes and marshes, excepting in so far as great facdity 
of transport has allowed the same forms to prevail throughout 
large portions- of the world. Wo see this same principle in thp 
cuaracter of mutit of the blind animals inhabiting the cnvcs of 
America and of Europe. Other onalogoiu facts could be given. 
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It will, I believe, be found tmivGCsall; tme, that wlm w^g nil 
rcgioDB, Let them be ever so diElonl, nmoy closely allied or ^ 
EeoUtive species occur, there wit) UliawiBe be found m 
species ; And whorevor many closely -allied species ooc 
be found many forma which some naturalista ratik u i 
spocieH, sad others aia mere varieties ; these doubtfol ronm tk 
113 Ihe steps in the progress of modification. 

Tba relation between the power and CKtent of d _ 
certain species, cither at the present or at some former peBiod,al 
the existence at remote points of the world of cloGcly-allied ■! 
is shown in &nather and mole general way. Mr. Gould nu 
lo me long ^o, that in those genera of birds which range ot«^ 
world, many of the species hare very wide ranges. I can hs^ 
donbt that this rule is generally true, though difficnlt of pid 
Amongst mammals, we see it strikingly displayed in Bat^ ■ 
in a lesser degree in the Felid^ and Canidie. We ae« tba m 
rule in the distribution of butterflies and beetles. So it ii * 
most of the inhabitants of fresh water, for many of the gta 
iu the moat distinct classes range over the world, ood mauyrfAl 
species have enormous ranges. It Is not me&at that tii, but tt 
some of the species have very wide ranges in the genen ^UA 
range very widely. Kor is it moant that the species ia wt 
genera have on an averse a very wide range; for Oaa wffl 
largely depend on how far the process of modificattou has aw; 
for instance, two varieties of the same species inhabit Abmds 
and Europe, and thus the species bos on immense rangs; hot, 3 
Tsriation were to bo carried a little further, the two varietiw wooU 
be ranked as distinct species, and their range would bs gmtl; 
reduced. Htill less is it meant, that species which have ib 
capacity of crossing barriers and mugiog widely, as in the am 
of certain powerfnlly-winged birds, will noEessarily range widdy: 
tor we should never forget that to range widely implies not wlf 
the power of crossing barriers, but the mure important pvwa of 
being victorious in distant lands in the struggle for lifis with 
foreign associates. But according to the view that all the meats 
of a genus, though distributed to the most remote points of iht 
world, are descended from a single progenitor, we ought to fiiri, 
and I believe as a general role wo do find, that eome at least «f 
the species tango very widely. 

We should bear in mind that many genera in alt clnssee art d 
ancient origin, and the species in this case will have bad ampls 
time for dispersal and subsequent modification. Then fa also 
reason to believe &om geological evidsnca, that within each gi«t 
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- cUbs the lower organiams change at B slower nte than the higher ; 

^ coiuoqueutly thej* will hara had a better chance of nngii^; widely 
and of BttU retaining the aame tpealfio cbatsctor. Thia &ct, 

, together with that of the weds and ogga of mo«t lowly organiied 
fonns boiog very minute and better fitted for distant transportal, 
probably ac«oiuita for a la« which has long been obaerred, and 
which has lately been discussed by Alph. de CaadoUe in regard to 
plants, namely, that the lower any graap of organisms etandi, the 
more widely it ranges. 

llie relatione just discuseed, — namely, lower organitms tanging 
more widely than the higher, — Borne of the ipecies of widely- 
ranging genera themselves ranging widely, — aaoh facta, as alpHce, 
Ucuatrine, anJ marsh productions being generally related to ^ose 
which live ou the surrounding low lands and dry lands, — the 
striking relationship between the inhabitants of islaads and thon 
of the nearest mainland — the still closer relationship of the distinct 
iuhabltants of the islands in the same archipetBgo-~are iueiplicable 
on thowdinary view of the independent creation of each species, 
but are siplicabto if we admit colonisation from the nejirost or 
readiest source, together with the Bubeequent adaptation of the 
twlonists to their new homes, 

Sumoiary of tht lost and preaenl Chapteri. 

In thcM chapters I have endeavoored to show, that if we make 
d\ie allowance for our ignorance of the full eSecta of changes of 
climate and of the level of the land, which have certainly occnrred 
within the recent period, and of other changes which have probably 
occurred,~if we roinembor how ignorant we are with respect to the 
many curious meana of occaaional transport, — if we bear in mind, 
and this is a very important consideration, how often a species 
maj have ranged cootinuonsly over a wide area, and then have 
become extinct in the intermediate tracts, — the difijculty is not 
insu)>erahle in believing that all the individuals of the sanio 
species, wherever found, are descended from romnion p&renls. 
And we are led to this cooclusion, which has been arrived at by 
many aaturaliHts under the designation of single centres of crealioo, 
by various general considerations, more especially from the import- 
ance of barriers of ail kinds, and from the analogical distribution of 
snb-geoera, genera, and families. 

With respect to distinct species belonging to the same geniui, 
which on our theory have spread from one parent-source ; if we 
make the same alluwaucos as befcre for our ignorance, and t»< 
member that some form* of life have changed very slowly, 



I periods of time having been tfaaa gnnta 
wigniiimi, the difficulties aie fkr from insapeiBUet 
this ciw, as ia that of the individuals of tha mna tfttim,^ 
are often grcaL 

As exemplifying the eSects of climatal chsu\gia on dbtribOK 
1 have Attempted to show how im[<jrtant a part the Um Qk^ 
period boa played, which affected eren tbe equtodal itfiBt 
and which, during the altemaCiona of the cold in the niinliiri 
south, allowed the prodactiona of oppoaite hemispbera* to mi^ 
aud left iiome of them sti^oded on the moiint&m-«uiui)iti nil 
ports of the ^vorld. As showing how djreraified an the IM 
uf occasional tiansport, I have discusxed at aoma little laigd 
means of dispersal of fresh-water prodnctioDs. 

If the difficulties be not insuperable ia admitting that is « 
long course of time all the individuals of the saiae Bp(dss,al 
likewise of the eeversl epcciee belonging to the s)ud« geoo^taa 
proceeded froro some one source ; then all the grand ludigg li* 
of geogiaphical distribution are eiplicnble on th« UmT <) 
migration, together with subsequent modification and tbfl raillti|i' 
cation of new forms. We can thus understand the high inpotWi 
of barriers, whether of land or water, in not onljr separating, bti I 
apparently forming the several zoological and botanical ptoriMi 
We can thus nnderatand the concentration of related specie* witt^ 
the same areas; and how it is that tinder different latjtnds,b 
instance in South America, the inhabitants of the ploini id 
mountains, of the forests, marshes, and deserts, are linked ttwiti* 
in BO mysterious a manner, and are likewise linked to the axtbi 
beings which formerly inhabited the same contioent. Bmriu 
mind timt the mutual relation of organism to or^janism is of & 
highest importance, we can see why two areas having uMrly th 
HUne physical conditions should o^n be inhabited bjr tbtt^ 
forms of life ; for according to the length of time which h^ t 
since the colonists ectered one of the regions, or both 

to the nature of tha communication which allowed ce 

and not others to enter, either in greater or lesser numbera ■ accold- 
ing or not, as those which entered happened to come into toon (X 
less direct competition with each other and with the aboiigiDa; 
and according as the immigrants were capable of varjing more nt 
less rapidly, there would ensue in the two oi more r^iona, inde- 
pendently of their physical conditions, Infinitely divereified cun- 
dilions of life, — there would be an almost endUss amount of organic 
action and reaction, — and wa should find some groups of beii^ 
greatly, and vome only slightly modified, — some developed iu ntU 
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force, Mme existing in sctiDty Dumbere — and this we do God in 
the Mveral groat gt)ogra[ibical provincM of ths world. 

Od thesa same principlo* we eta uaderatand, aa I have endM- 
voared to show, wbf oceanic islands should have few tDhabitants, 
bnt that of tbese, a large proportion should be endemic or peculiar ; 
and why, in relation to the meaoB of migration, one group of beings 
should have all ita species peculiar, and another gronp, even nitbin 
the sainu clasn, should liavs all its species the same with those in 
&n adjoining ([uarter of the world. We can see why whole groups 
of organiaDiK, as batrachiana and terrestrial mammals, should be 
absent from oceanic islands, whilst the most isolated islands sbonlil 
j<OHsess their own peculiar species of aerial mainiualB or bats. We 
can see whj, in islands, there should be some relation between the 
presence of rnammaU, in i more or ten modilied condition, and 
the depth of the ae^ between such islands and the mainland. We 
c«n deafly see why all the inhabiloots of an archipelago, though 
Bpeciiically distinct on the aereral islWa, should be closely related 
to each other ; and shonld tihcwisa be related, but lesg cloiely, tu 
those of the neftrest continent, or other source whence immigrants 
might have been derived- We can see why, if there exist very 
closely allied or represenlnlive species in two areas, however distant 
from each other, some identical species will almost always there be 

As the late Kdward Forbes often insisted, there is a striking 
parallelism in the laws of life throughout time and space ; the laws 
governing the succession of forms in past times being nearly llje 
earne with those governing at the present time the differences in 
difTerent areas. We see this in many facts. The endurance of each 
species and group of species is continuous in time ; for the apparent 
eiceptions to the rule are so few, that they may fairly be attributed 
to our not having as yet discovered in an intermediate deposit certain 
forms which are absent in it, but which occur both above and 
below : so in space, it certainly is the general rule that the area in- 
habited by a single species, or by a group of species, is continuous, 
and the exceptions, which are not rare, may, as I have attempted 
to show, be accounted for by former migralinns under different rir- 
cnmslances, or through occasional means of transport, or by the 
species having become extinct in the intermediate Iincts. Itoth 
in time and space, species and groups of species bare tbeir points 
of maximum development. Groups of species, living during the 
same period of time, or living within the same area, are often 
characterised by trilling features in common, as of sculpture ur 
colour. In looking lo lh9 long succession of i«st agw, m iu 
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looking to distant provinces throughoiit the irorld, we fii^ 
species in certain classes differ little from each otbor, whilst I 
in another class, or onl; in a different sectioii of the same c 
difior greatly from each othar. In both titna &nd Bpoce theli 
organisod members of each claiu geneially chacge lesa tlum 
highly organised; but there are in both cases marked extv^ 
to the rule. According to our theory, these eeveni iei«i 
throughout time and space are intelligible ; for whether we lot 
iho allied forms of life which have changed diiriog sucoenivc I 
or to Chose which have changed after haring migrated into dii 
quarters, ia both cases they ar« connected by the same bom 
ordinary goaerationi in both ctLses the laws of variatioo hare 
the eame, and modifications hsTe been accumulated by the i 
means of natuial Mlectiun. 



CLASSIFICATION. 



OHAPTEE XIV. 



' *^i 1 tOATiOH, gronpa inbordinita U) groni)* — N«lnral «j>tem — Rule* 
<uid difficulliea is clawili cation, eipliirwd OD th« IbMiy or deecest irith 
Tnodifiotioa — CI BMJfi cation of Tariftiri — Dmcent alwnjt used ia 
^luwjicatina — AtiflLogicaL or mJ^piiTfl characters — -Affinitios^ general, 

tcvmplu, and ndiBtlag — EillDction lepuratci and dcGnei groopa — 
UoftFiiOM»T, between memtierB of the inme cliut, between parti of 
the tame iadividaal — EXBBTOLoav, lawi of. eipUined bf Tarlitiona 
oat (Dperrening at an t»r]j age, and being inherited itt > correipoDding 
•|c — Rddixehtabt OBOtsii; their origin eiplalned — Summary, 

Clatsificalion. 
F^ftoM the moat remote period in the history of the world organic 
"^inga have been fomid to resemble each other in doscendiLg de- 
8*^ee8, BO that they can he classed in groups uader gronpa. This 
^l&eeificatioQ ia not arbitrary Ute the grouping of the stars in 
'^aatellationa. The esiatence of groups would have been of simple 
•ignificaiice, if one group had been eiolnsiTcly fitted to inhabit the 
Wid, and another the water ; one to feed on Sesh, another on vegn- 
^ble matter, and so on ; but the case ia widely different, for it ia 
'Notorious how commonly members of even the same sub-group have 
Afferent bahits. In the second and fourth chaptcra, on Variation 
and on Nnturat Selection, I have attempted to show that withia each 
<>ountry it is the widely ranging, the much ditTuaed and commoci, 
that is the dominant a|)eoics, belonging to the larger genera in each 
class, which vary most. The varieties, or incipient species, thus 
t«t>duced, nitimalely become converted into now and distinct 
species ; and theae, on the principle of inheritance, tend to produce 
other new and dominant species. Consequently the groups which 
are now large, and which generally include many dominant species, 
tend to go on iucreoaing in size. I furlber attempted to show that 
from the varying dcacendants of each species trying to occupy ai 
tt^^ny and as different placea aa poesihle in the ecimoniy of oatme, 
they constantly tend to diverge in character. This latter concliisioD 
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iaaapporled by oboerriiig tbe greftt divetsity of foniuwhich,lDU7 
small &rea, come into the cloxvxt competition, and by certain EuH 
in nataralisation. 

1 Bttompt«d also to abow that there ia a steady teadency in lb 
fonns which ore increasing in namber and diverpng in chnneitr, 
to iupplaut and Bitennioata the preceding, less divergent lud Iw 
improved forms. I request the reader to turn to tlie di>|^ 
iUuetrating tho acUoo, as farmerly Bipltuced, of these smnl 
principles ; and he will see that the ineriuble reaolt ia, th«t Aa 
modified deacendanta proceeding from one fHXigenitor become bnlia 
up into groups aubordioate to groupg. In tbe diagram eacb letter 
on the uppermost line may represent a genus including saml 
species; and the whole of tho genera along this npper line hen 
l^ether one elass, for all are descended from one ancient punt 
and, consequently, have inherited something in common. But the 
three genera on the left hand have, on this same principle, much b 
common, and form a sub-family, distinct from that containiDg lif 
next two gcnem on the right hand, which diverged from a commco 
parent al the fifth stage of descent. These five genera have sIm 
mach in common, though less than when grouped in Bub-f»Diili«; 
and they form a Isiiiilj distinct &om Chat containing the thru 
geuera still farther lo the right hand, which diverged at an ailin 
period. And all these genera, descended from (A), fonn an Didu 
distinct from the genera descended from (1}- So that we here luivi 
many species descended from a single progenitor grouped isw 
genera ; and the genera into sub-families, families, and olden, ^ 
under one great class. 'Vhe grand (act of the nataral subordinslioa 
of organic beings in groups under groups which, from its famili- 
arity, does not always aufiiciently strike u«, is in my jadgiaenl tlnu 
explained. No doubt o^anic beings, like all other objects, can ^ 
classed in many ways, either arCllicially by single charact«r« or lom 
naturally by a number of characters. We know, for ip «!«■■«■, ti»l 
minerals and the elemental substances can be thus arranged, lu 
this case there is of course no relation to genealopcal sncowsoii, 
and no causa can at present be assigned for theif falling into 
groups, lint with organic beings tbe case is dlSerent, and tt> 
view above given accords with their natural arraiigement in gnwp 
under group; and no other explanation has ever been attenpttd. 

Naturalists, as we have seen, try to arrange the apeciea, gw"* 
and families In each Dla«s, on what ia called the Natural Sjitini. 
But what is meant by this system? Some authors look at ilnuf'T 
as a scneino for arranging together those living objects wbiob t" 
most alike, and fsr separating those which are most uulika; u" 
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vtiflcial method of eQuaciBting, as briuflf as jioiiiible, genenU 
propositions, — that 1b, by one sanWnco to give the characten 
common, for instance, to all mamniala, by another those t^mmon 
t/j all camivora, by another those common to the dog-genus, and 
then, hy Adding a single aealenix, a full de«criptioQ is given of each 
kind of dog. I'he ingonuity and utility of this system are indispn- 
Uble. But roaoy naturalista think that something more is meal 
by the Natural System ; they believe that it revesis the plan of tl 
Greator ; but unless it be specified whether order in time or spao 
or both, or what else is meant by the plan of the Creator, it seems 
to me that nothing is thus added to our knowledge. Expressions 
euch as that famous one by Liniueus, wliich we often meet with in 
a more or ices concealed form, namely, that the charact^xs do not 
make ihe genus, but that the genus gives the chataciers, seem to 
imply that some deeper bond is included in our classifiGatioos than 
mere resemblance. I bcliBve that this is the case, and that comtna- 
nity of descent— the one known cause of close similarity in organic 
beiiiRn— is the bond, which thovigh observed by tsriaufl degrees of 
modification, ia partinily ravealod to us by our classifications. 

Let us now consider the rules followed in classification, and the 
difficulties which are encounterod on the view that classification 
either gives some unknown plan of creation, or is simply a scheme 
for enunciating general propositions and of placing together the 
forms most like each other. It might have been thought (and was 
in ancient times thought) that those parts of the structure which 
determined the babit« of life, and the gensraL place of each being 
in the ecouomy of nature, would be of very high importance in 
classification. Nothing can be more false. No one regards the 
oxtemiU similarity of a mouse to a shrew, of a dugong to a whale, 
of a whale to a fish, as of any importance. These resemUsnees, 
tliouj;h so intimately connected with the whole life of the being, 
nre ranked as merely " adaptive or analogical characten ; " but to 
the consideration of these resemblances we shall recur. It may 
even be given as a general rule, that the less any port of the organ- 
isa^on is cooceracd with special habits, the more imporUut it 
becomes for classification. As an mstance : Owen, in speaking of 
the dugong, says, " The ):enerative or^^ans, being those which aro 
most remotely relal<d to the habits and food of an animal, 1 have 
always regarded as affording very clear indications of its true affini- 
ties. We are least likely in the modifications of these orgnuB to 
mistake a merely adaptive for an easential character." With pknts 
bow remarkable it is that the organs of vegetation, on which their 
nutrition and life depend, ue of little sipiification ; whercu tba 
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nrgBnB of rEproduction, with tbclr product the socd and embrTO^ n 
of laiamount importance! So again io formerlj diacnaaiDg umUJH 
morphological characlera which arc not functionalljr imi 
have seen that they are ofleu of Che highest service in ch 
This depends oa their constancy throughout rtiany allied gmqi; 
and the:r cooatancj chiefly do|>end3 do any slight deviatiOiM Ml 
having been preserved and accomulated by natunl selection, wtidt 
acta only on Bervioeable charncters. 

Tbnt the mere phyaiolo^-ical importaoce of an ot^an doM Mt 
determine iCn clasKihoatory value, la almoat proved by the bct,dHl 
in allied groups, in whiuh tho same organ, as we have every iomb 
to auppose, has nearly the same physiological value, its dtaiaSalaj 
value is widely different. No nalnralist can have worked lone *t 
any group without being struck with this fact; and it lui bw 
folly acknowledged in the writings of almost every author. It 
will suffice to qnote tbe highest authority, Robert Bnrwii, w^ 
in speaking of certain oi^ns in tha Froteocm, aaya their gcaak 
importance, "like that of all their parts, not only in thia, biit,Ml 
apprehend, in every uatural family, ia very unequal. Mid in mrm 
C66es 166016 to be entirely lost." Again, ia another tmrk twMjK 
the genera of the Connaracea) " differ in having one ^ moR 
ovaria, in the existence or absence of albumen, ia Uie imbricate V 
valvular restivolion. Any oiio of these charactera siogly ia fn- 
quently of more than generic importance, though here evenwheo 
all taken t(^ether they apjiear insufficient to aeparste Cuestia fion 
Connarus." To give an eiampla amongst insecta : in one gnat di- 
vision of the Hymenoptera, the on tenns, as Wcstwood has remukcd. 
are most constant in structure; m another dtvi«ioaLhey differ niiid^ 
and tbe diSerences are of quite subordinate value in cIaMi£cmli(Bi 
yet DO one will say that tho autennie iu these two divistona of tbt 
same order are of unequal physiological importance. Any nwnbtf 
of instances could be given of the varying importance for Hltui- 
fication of the same important organ withm the same groap v( 
beings. 

Again, no one will say that rudimentary or atrophied organs «n 
of high physiological or vital importance ; yet, undoubtedly, ctoim 
in this condition are often of much value in classifioation. No oh 
will dispute that the rudimentary teeth in tbe upper jaws of yosDC 
ruminants, and certain rudimentary hones of tbe leg, are highly 
serviceable in eshibiting the close affinity between rumioAnta and 
pachyderms. Itoiwrt Brown has strongly insisteii on the fact that 
the position of the rudimentary fiorcts is of the highest importaon 
in the dasaiGcation of the graiisea. 
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Nuneiotu uutances oonld be giVEin of chejactera derived ttom 
parts which muEt be oonridered of very trifling physjological import- 
aQce, but nhich ore uoiversaUf admitted aa highly acTTioeable in 
the definition of vhole groups. For instance, whother or not there 
is an open passage from the DostriU to the mouth, the only chanic- 
ter, according to Oweo, which absolutely dtstiugiiiahes fishes and 
reptilea — the inflection of the angle of the lower jaw in MarenpialB 
— the manner in which the wings of insects are folded — mere 
colour in certain Algie — mere pubescence on parts of the flower in 
grasses — the nature of the dermal covering, as hair or (ealbers, 
in the Vertebrato. If the Omithorhynchus had been covered with 
featheiB instead of hair, this external and trilling character would 
have been considered by natmaliats ai an important aid in deter- 
mining the degree of affinity of this strange creature to birds. 

llie importance, for classification, of trifling characters, mainly 
depends oo theii being correlated with many other characters of 
more or less importance. I'he valae indeed of an aggregate of 
cbaractars is very evident in n&tural kistory. Heoce, u hu often 
been remarked, a spcciea may depart from its allies in several 
characters, both of high physiological impt^rtsnce, and of almost 
universal prevalence, and yet leave us in no donbt whore it should 
be ranked. Hence, also, it has been found that a olassification 
founded on any single character, however important that may be, 
has always Jailed ; for no part of the organisatinn is invariably 
constant. The importance of an aggregate of characters, even when 
none are important, alone expbiins the aphorism enunciated by 
Linnnoa, namely, that the characters do not give the genus, but 
the genus gives the characters; for this seems fonnded on the 
appreciation of many trifling points of resemblance, too slight to be 
defined. Certain plants, belonging to the MalpighiaceiB, bear 
perfect and degraded flowers i in the latter, as A. de Jussien has 
remarked, " the greater number of the characters proper to the 
species, to the genus, to the family, to the class, disappear, and thus 
laugh at our classiG cation." When Aspicarpa produced in France, 
during several years, only tlese degraded flowers, departing so 
wonderfully in a number of the most important point£ of stTDCtun 
from the proper type of the order, yet M. Richard sagaciously saw, 
as Juasieu observes, that this genus should still be retained amongst 
the Halpighiaceffl. This case wuU illustmlos the spirit of our 
classifications. 

Practically, when naturalists are at work, they do not trouble 
themselves about the physiological value of the charsclen which 
they ns« in defining a group or in allocating any pvticnUr ipeciM. 




ir tiis; find a chnnicter nearly nnirorm, snd oommuo to • em: 
nmnber of forma, and not common to others, thej use it as om J 
high value ; if common to some lesser number, tbej use it ti W 

■uhordioate vilue. ThU priacipU has beea broadly i fiwml ij 

Boma naturalists to be the true one i and bj none tDore olewlj tkM 
by that Bicelleat botanist, Aug. St. Hilaire. If severai triBtng ci» 
racters are always found in combination, though no appvwit tod 
of connection can be discovered between them, eapeoiaJ Tklne if Ml 
on them. As in most groups of animals, imiMirtant arcaos, mcli m 
those for propelling the blood, or for aoraling it, or those for JM- 
pagatin^ tlie race, are found nearly uniform, Chey are coomdoid m 
biglily serviceable in cUsaification ; but in some groups all then 
the moat important vital orgaus, are found to offer characlen tf 
quite subordinate value. Thus.as FritE Miiller bos lately nmatM, 
in the same group of crustaceans, Cypridina is funiished wilh t 
heart, whilst in two closely allied genera, namely Qyprii h£ 
Ofthem, there is no such o^an ; one species of Cypridina hu wfr 
developed brancbin, whilst another species is destitute of Ibsm. 

We can see why characters durivcd from the emliryo should ti 
of equal impartnnce with thcee dorived from the adult, for t UUflri 
classification of course includes all ages. But it is by no tMW 
obvious, on the ordinary view, why the structure of the emlq* 
should be mure important for this jiurpose than that of the adnh 
which alone plays its full part in the economy of natoie. Yet il 
has been strongly tu'ged by those ^rest natutalista, Milne EdmiA 
and Agassiz, that embryoli^icai characters are the most impojIMil 
of all 1 and this doctrine has very generally been admitted as ma 
Nevertheless, their importance has sometimes been exaggcnied, 
owing hi the adaptive characters of larwnot having been eiclndail; 
in onlor to show this. Frits MuUcr arranged by Ihe aid of loeh 
characters alone the f^reat class of crnstaceans, and the arrangonieat 
did not prove a natural one. But there can be no doubt ihil 
embryonic, excluding larval characters, are of the higbeat vain* 
for classification, not only with animals but with plants. That tkc 
main divisions of flowering plants are founded on diSisnacaa IB 
the embryo, — on the number and position of the cotyledons, ndv 
the mode of development of the plumule and radicle. Wa dril 
immediately see why these characters [ossesa ao high a valna nt 
classification, namely, from the natural system being gen^e^cil 
in its arrangement. 

Oar classifications are oFten plainly influenced by chainsof aflb^ 
riea. Nothing can be easier than to define a number of chstaeteii 
a all birds ; but with crustaceans, any aucb definition bM 
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bitherto beea found impossible. There are cnutAceum at the 
Opposiu end} of the series, which have hnrJlj a character in com- 
moD ; yet the species at both ends, from heing; plainlj allied tu 
others, and these to others, and so onwards, can be recognised m 
tmequivocallj belonging tu this, and to no other class of l}ia 
Articulata. 

Oeugrapbical distribution has often been used, though perhnpi 
not quite logically, in classification, more especially in very lo^e 
groups of cioaely allied forms. Temminck insists on (he utility or 
«Ten necessity of Ibis practice in certain j^oupB of bircia; and it has 
been followed by several entomologists and botanists. 

Finally, with respect to the comparative value of the various 
groups of Bpi'CicB, such as orders, sub-orders, fiuniiies, sub-families, 
and geuera, they seem to be, at least at present, almost arbitrary. 
Beveral of the best botanistx, such as Mr, BenCham aud others, 
have strongly insisted on their arbitrary value. Instances could 
be given amongat pbnts and insects, of a group first ranked by 
pnctisod D&turBliBls a» only a genus, &nd then raised to the nink of 
a sub-family or &mily ; and this has been done, not because further 
research has delected important structural differences, at 6rst over* 
looked, but because numerous allied species with slightly different 
grades of difference, have been subsequently discovercil. 

All the foregoing rales and aids and difficulties in classification 
may be explained, if I do not greatly deceive myself, on the view that 
the Natural System is founded on descent with modification ; — that 
the characters which naturalists consider as showing tme atHnity 
between any two or more species, are those which have been in- 
herited from a common parent, all true classiflcntion being geoea- 
logical ; — that commimity of descent is the hidden bond which 
naturalists have beea unconsciously seeking, and not some unknown 
plan of creatiun, or the enunciation of general propositions, and the 
mere putting together and separating objects more or less alike. 

But I must explain my meaning more fully. I believe that the 
armngtnitnt of the groups vritbin each class, in dne rabordination 
and relation to cocli other, must be strictly genealogical in order 
to be natural i but that the amount of diflerence in the several 
branches or groups, though allied in the soma degree in blood ro 
their common progenitor, may differ ^really, being due to the 
different degrees of modification which they have uodert'one ; and 
this is rxpressed by rhe forms being ranked under different genera, 
lAmilie«, sections, or orden. The reader will best understand what 
is mtaot, if he will take the trouble to refer to the diagram in llie 
fbnrtb chapter. We will rappose the letten A to ". 
L 2 b 
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allied genera exiatlDg during the i^ilurifui epoch, and di 
tome still earlier fomi. In three of these geneim (A, f, ii 
<ipeciea biui trail smittol inodilied desceDdssCs to tT 
repneeoted by the fifteen genera (a" to t**") on 
horiEontBl line. Now all thou tocdiGed desceodauls fromiB^f 
ipeoies, ore related in blood or descent ia the same dcgnt; ^ I 
Ins7 mclaphorically bo colled conmnB to the Bsnie milliontliiapa.l 
yet they differ widely and in different degrees fram^ohodiB. Qi I 
forma descended from A, now broken up into two or tfane b 
coDStitnts a distinal order from tliose descended from I, alw Wb I 
Tip into two famillHs. Nor can the eiasling spedea, deacaddlfiMl 
A, be ranked in tbe Nirae ganns with the [arant A; i 
from 1, with the parent 1. But tbe existing gpnus p'^ mayV 
poaed to have been but slightly modified ; uid it will then —j 
the pareut-genuH F ; juet an some few still living OTganinwH 
to Silurian genera. So thai tbe comparative value of tbe d' 
between these organic beings, which are all rGUt«d lo etA al 

the aame degree in btood, has oome to be widely difiennl. 

theleea their geueah>gical arranganenl reuaJOH strict]* tnkil 
only at the preaent time, but at «ich §ucc«sai7e pMiod or i 
All the modified daacendanla from A will luTe ioboHtvd ton 
in common from their common parent, as will all the d 
from I ; BO Kill it bo with each subordinate braocb of di 
St each auccesaive stage. If, however, we suppose any dwcendiat li I 
A, or off, to have become so much modified as To have loal aD tnM I 
of iU parentage, in this case, its place in tbe nntunil system wfilli 
lost, as seems to have occuired with some fen- existing otsf 
All the descendanla of the genoa K, along its whole line of di 
are sapposed to have been but tittle modified, and they fbim ■ 
genus. But this genua, though much isolated, will stitl ocennto 
proper intermediate position. Thu representation of the a 
as here given in tbe diagram on a flat snrfoce, is mncb (oo sini^ 
The branches ought to liave divai^ed in all directiims. If lt< 
names of the groups hud bieo simply wrillen down in a lin« 
ieries, tbe reprasanlation would have been still less natural- »dJ1' 
U notoriously not possible to represeot in a series, on a flat sntic. 
tbe affinities which we discover in nature amougst the beinss of tlit 
same group. Thus, the natural system is geaealogtcal i 
arrangemetit, like a pedigree : but tbe amount of modiGi^aiion whici 
lOe different groups have undergone has lo be espr^^ed by rankitrg 
them under different so-cnlled genera, sub-families, familiea, eeccioM 
orders, and classes. 
It may be worth while to illustrate this view of classificatioQ, Iff 
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takiog the ixie of langoages. 1/ we poiooaaed a perfect pedigree of 
uunhiud, a geaealo^icaL amogumeiit of tbo race) of man winilil 
ttflbrd the besl classiScatian of tlie Tariona languages now gpoben 
tlirougbout the world ; and if all extinct languages, and all inter- 
mediate and slowly chaDgin^ dialect«, were to be included, inch an 
■riangeiuent would be thu oal; possible ooe. Yet it might be tlial 
Kune ancient laa}j;uagBii had altered tstj little and had given ris« 
to few new languages, whilst olbiTS bad altered much owing to the 
spreading, iaolatioD, and state of civilisation of the severi)) co- 
descended races, and bad thus giFeo rise to many new dialocls and 
iangoages. The various degrees of clifference between tbe languages 
of the same stock, would have to be expressed by groops miliordinate 
to groups 1 but tho proper or even the only possible arrangement 
would still bo genealogical; and this would be strictly natural, as 
il would connect together all laoguagea, extinct and recent, by the 
closQst affinities, and would give tho filiation and origin of each 
tongue. 

In confirmation of this view, let us glance at the classification of 
Yaritlies, which are known or believed to be desctiided from a single 
■pecies. These are gronped onder the species, with the sub-raricticH 
under the varieties ; and in some casi-s, as with the dumeslio 
pigeon, with several other grades of difference. Nearly the same 
rules are followed as in classifying species. Authors liave insisted 
<m the necessity of arranging varieties on a natural insttad of sn 
artificial system; we are cautioned, for instance, not to class two 
Taheties of the pine-apple together, merely because their fruit, 
though the most im|iortant part, happens to be nearly identical ; 
so one puts the Snedish and common tmnip together, though the 
esculent und thickened stems sre so similar. Wliatever port is 
found to be most constant, u> used in classing varieties: thus the 
great agriculturist Marsliall says the boms are veiy uMful for this 
purpose with cattle, becau«) thoy are less variable Umu the sliajw 
or colonr of the body, &c ; whf rcas with sheep the horns ikre much 
leas serviceable, because less constant. In classing varieties, I ap> 
pRbend that if we hod a real pedigree, a genealogical claiaificatibn 
would be nniversally preferred ; and it has been attemptud in tome 
eases. For we mi^t feel sure, whether there had been more ur 
less modification, that the principle of inheritance would keep tne 
forms together whioh were allied in the greatest niuuber of poiulsi 
la tumliler pigeons, though some of the sub-varietii-a differ in the 
InpurtaDt character of tho length of tho beak, yet all are kept 
together faim having the common habit of tumbling; but the 
■bott-lksd breed ba* nearly or quite lost this hafait : nererlbnloN, 




wilbout tknj thought on the subject, these btmblen «n kcft it 
tlie sums group, because allied in blood aai ftlik« id aooM clkff 
respects. 

With species io a stat« of natars, eyery luttoraliBt has b bd 
broagbt descent into his classification ; for ha iDcladea in Ul 
lowest grade, that of specios, the two sexes; and how eaoniwB^f 
those sometimes differ in the moat important chanu:ten, is kwMi 
to every naturalist: scarcely a sio^le fact can be predicmtod b 
common of the adult males and hermaphrodites of cerUin dnh 
pedee, and yet no one dreams of separatina them. As aoon h Iks 
three Orcbidean forma, MonachaDlhus, Uyacthus, uid Ca(«Mtn^ 
which liad previously been ranked as three distinct genera, vcn 
known to hv sometimes produced on the same plant, tbey win 
unmcdiately considered aa varietios ; aod now I havo been aUa IB 
■how that tbey are the male, female, and bermaphrodito fonM 
of the umo spccice. 11ie natoralist iaclndes as one species tb« 
I Tarioua larval allies of the same indi»idnal, however lucch tUj 
I may differ from each other and from the adult, aa well as the n- 
ealled ilUmate geoorations of Steenstrnp, which cao onljr in % 
teahnical wdsb be considered as the same individual. He iuclvdci 
monsters and varietioa, not Irom their partial resemblanoe to ^ 
paiout-fonn, but because tbey are descended from it. 

As descent has universally been csed in classing togetbw Qa 
individiiala of the same species, though the malea and femala 
and biTTO are sometimes extremely different ; and aa it has ham 
used in claaung varieties which have undergone k certain, sod 
BDEQetimes a conndersble amount of modification, may not tJiii 
Bsme clement of descent have been unconsciously used in jxronptae 
species under genera, and genera under higher groujis, all under 
the so-called natural system ? I believe it has been unoonscionily 
used ; and thus only can 1 understand the several rules and (-11 ^ . ^ 
which have been followed by our best systematists. As we hav* 
no written pedigrees, wo are forced to trace community of descent 
by resemblances of any kind. Therefore we choose those chacacten 
which are the leant likely to have been modified, in relation to th« 
conditions of life to which each species hss been recently rTrnr id. 
Itudimentary structures on this view are as ^ood as, or eraa aonw- 
times better than, other parts of the o^^tlni8ation, We oarv ii/A haw 
trifling a character may be — let it he the mere int^ectioo of tbs 
angle of the jaw, the manoer in which an insect's wing is folded, 
whether the shin be covered by hair or feathsrs — if jt pnvail 
throughout many and different apeciea, eupecia'.ly Ihotte having veij 
Meient habits of life, it assumes high value ; for we can aooonot 
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fur iU prestDca Id io iukfij foraiB with such diffetvcl babila, onlj 
by inheritance bom a commoii parent. Vie may err io iliia rupcct 
in regard to «ingle points of atructUTB, btit when seTeral chancrera, 
let Ihem be ever ao trifling, concur throughout a large group ot 
beings having differBnt habila, we may feel almost aure, on the 
theory of descent, that these characters have been inherited from 
$, common ancestor ; and we know ihat such ag^regnted chonurtera 
have especial value in claawfication. 

We can undcr»tand why a species or a gronp of species niaj 
depart from ita allies, in several of its most imi-ortaot characieristica, 
and yet be Eafoly oinssed with Ihem. This may be safely done, and 
is ofl^n dooe, as long aa .a sufficient numbrr of characters, let them 
be ever so unimportant, betrnys the hidden boml of community 
of descenL I^et two fbrmi have not a single ehntscter in com- 
mon, yet, if these extreme formi are comiected toi^elher by a chain 
of intt.<rmediate groups, we may at odc« infer their community of 
descent, and we put them all into the same data. As ne Hnd 
orgnni of high phygiobgicBl imporUnce—lhoge which serve lu 
preserve life under the most divene oondilions of existence — nrs 
generally the most constant, we attach especial value to them; 
but if theae same organs, in another group or section of a group, 
are found to diflor much, we at once value them loss in our 
olaasi ficatioD. We shall prewntly se« why embryolo^cal cha- 
racters are of such high clsBsificat«ry importance. Geographicnl 
distribution may sometimes be brought usefully into piny in 
classing targe genera, because all the species of the same genus, 
inhabiting any distinct flnd isolated region, are in all probabdily 
descended from the same parents. 

Analogirai Jletemblaneu. — We can ondcrsland, on the alove 
views, the very important distinction beliveen real affinilivs 
and analogical or adaptive resemblances. Lamarck first called 
attention to this subject, and he has been ably followed by 
Uacleay and others, Thu resemblance in the ahapa of the body 
nod in the fin-like anterior limbs between dtigongi and whales, 
and between these two orders of mammals and fifhes, are ana- 
hi^cal. So is the resemblance between a mouse and a shrew-mouse 
(Sorex), which belong to different orders; and the still closer 
resemblance, insisted on by Ur. Hivart, between the mouse and 
a small marsupial animal (Antechinus) of Austrulio, These latter 
resemblances may be accoonted for, as it seems to me, by adapta- 
tion for similarly active movements through thickets and hciba);e, 
u;gether with concealment from enemies. 

Amongst insects there are inDoroerable similar instances j Ihni 
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tinnMis, misled hj Bitcnul Mjfemtmesm, ^Miailj ciMNd m 
I lumoptMOUi insect u m moth. W* •«« aofnMlui^ of Aa «■ 
!■ tiiid ev«o with otii domestie rtuieties, •• in tb« atrifcii^jlj MdH 
■hftpe of the b»l}r in the tTaprared braeds of Um Ctatmml 
eonuDOD pi% which ue deooouded from lUstnict inii m mi» 
Um umiUrlf Uuckraed stems of tbe oammoii md 
diitinct Swedidt tuniip. The resemhUnee between tfa 

Mid the racehorse is hsidlj more fiuncifi)) tima tbe 

which have beeo dmra bj some ftacfaorc betwwc widely AlBM 

Oq the view of characters bmng of real impactewM tor dMdt 
catioo, onl; ia so (ar as thej nreal desoeat, ve cwi iliwlj l^i 
Btand wh; analudcal or adapti^'e chanciera, although of Ik i^^ 
iroportaucB to the welfare of the betoH, are aJtnoet nUnd^ M tti 
•vstematitL Fi>r animAU, belonging to twu moKt "li^titipi Hi 4 
deaceat, may have booome adapted to nmilar ooniliiioiaL ^Vj tM 
bare aasatna) a d«8c external rcscmbltuicei but bocIi nMntfa^M 
will cot RTcttt — will ralhor taod (o cooceal tlieir bkod-f^rfH^ 
ship. We am thus alra nndersland tbe ap)iorent fnriiWj te 
the very same characters are aoalo^lciil wbea one glOBp b a» 
pued with auother, hut give true a&iDititt wbcD tbe tnanhntf 
the same group are compared together: thus, the shape ef lb 
bodj and fin-like limbe aro only aualcgical vbem wtaln Me dim- 
pared with fishes, bciug adaptatioos in both clssac« far T^hnmitt 
Ihraogh the water ; but betweeit the several menibm d 6a 
whale fiunll7, the shape of the bod; and the Ga-like lltufca «Ab 
characteta eihibitioe true affinity ; tor as theao rttrts ate ■ 
nuarly similar thioushout the whole family, we cannot doeb 
that they have been ioheriled from a common tuicesUH'. So it a 
with fishes. 

Ktimeraus ca«es could be given of striking resembUDoea is gifr 
distinct beings between einglo |nrts or orgnna, which fa«ve mb 
idapted for tlie same functions. A good instance is kflivdad ^ 
the close resemblance of the jaws of the d<^ imd TaatuAtiiaii woO 
or ThyUcinue, — animals which are widely aunderad in the oatnnd 
pyslem. But this resemblaocc is contjued to general appeaniK*. 
as in the promiuence of Ihe canines, and ta tbe cutting ahara 
of the molar te*th. For the teeth reallydiffar much : thus thedoe 
has OQ ejich sicia of the upper jaw four pre-molara and onlv iwo 
molars; whilst tbeTbylacinus has three pre-molais nnd four ntoliit. 
The molars also differ much in the two nniiimb in relative ain 
and stnicture. The sdult duntitioa is preceded by a widelr dif- 
ferent milk dentilion. Any one may of course deny that the terth 
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In either cue have been wlspted for tearing t1<^h, thronch iha 
twtural selecliou of luccessive vamtious; but if this bo adniitrnl 
In thn otie cue, it is uniDtelllgible to me that it ihould be denied 
in the oiber. I am glad to find that eo high an authority a« 
Professor Flower boa come to this tame cooclusion. 

The eitraordioar; caBes given in a former chapter, of widely 
ilifferont fishes poswanng electrio organs, — of widely different 
insects possessing Inminoas organs, — and of orchids and asctepiads 
having pollen-masses with viscid disco, come under tbU same head 
of analogical resemblances. But these cases are so wonderful that 
they were introdaced as difBcultiee or ohjectioni to our theory. 
In all such cases some fundanicnlal difference in the growth or 
development of the parts, and generally in their matured structure, 
can be dott^ted. The end gained is the same, but the meane, 
though appearing superficially to bo the same, are sasentially dif- 
fcrenL The priuciple formerly alluded to under the term of ann- 
logical varialioa has probably in these cases often come into pluyj 
that is, the members of the same class, althiiugh only distantly 
allied, have inherited eo much in coiomon in their con«tiCution, 
that they are apt to vary under similar exciting causes in a similar 
manner; and this would obviously aid in the Boqnirement through 
natural sel^tion of parts or organs, strikingly like each other, inde- 
pendently of their direct inhorilance from a common progenitor. 

As species belonging to disliuct classes hare often been adapted 
by successive slight modifications lo live under nearly simiUr 
circumstanoes, — to inhabit, for instance, the three elements of land, 
air, and water, — we can perhaps understand how it is that a 
numerical iiaratlelism has sometimes been observed between the 
Bub-groupe of distinct classes. A naturalist, struck with a paral- 
lelism of this nature, by arbitrarily raising or sinking the valne 
of the groups in seveml clascea (and all onr experience shows that 
their valuation is as yet nrhitniry), conid easily extend the paml- 
Islism over a wide range ; and thus the septenary, quinary, quater- 
nary and ternary classifications have probably arisen. 

There is aaather and curious class of cases in which close external 
resamblanca does not depend on adajitation lo siinilar habits of life, 
bet has been gained for the sake of prol«ctiuu. I allude to ihe 
wonderful manner in which certain bulterfties imitate, an fiirt 
described by Mr. Bates, oiher and quite distinct species. This 
excellent observer has shown that in some districts of S. Amorioa, 
where, fur instanco, an Ithomia abounds in gaudy mrarnis, another 
buiterdy, namely, a Leptalis, is often found mingU-d iu the same 
flock i and the latter bo clcoely rosembles the Ithoutia in ever} 
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■hade and stcipe of colour aod eren in the shape of Ua bibk' 



Mr. Bates, with bU c 



9 abarpciied bj- coUeeting daiiag '^l 



years, was, thougb always on his guaid, oonlioBaUj i 
When the oiocken and tie mockee 
they arc fuuiul tu be very different i 



t genera, but ofteti t 
Had Uiis mimicry occurred in only oo« or two 
have been pa»ed OTer u a slrangB coinddenoe. 
from adistiictwbeteoneLqrialis imitates ui lU 
I ing and mocked species belimging to the aune two 3 



P^cbaa in their rawmblance. 






bo found. Alto 



Other bulterflies. The mockera and mocked alw«ys ii 
■une region; we never find an imitator living mnoto ft 
form which it imitntei!. I'he mockers »re almost inn 
iiuecti; the mocked in almost every case aboond in s 
the same district in which a species of Leptalis dose 
an Ithomia, thtm are sometimes other L^pidopiera ■"" 
■ama Ithomia: so that in the same plsc«, species of Ihne p^ I 
of butterflies and even a moth are found all closely ns^liil I 
ft bnttfirfly belui^g to a founh genus. It doMiTes espccU BoH I 
that many of the mimicking forms of the Leptalis, as -wdi^tti* I 
mimicked forme, can he shown by a gradnaied aeries ti 
varieties of the Bme species ; whilst otiien are nndcrabtedlT diMitf I 
specie*. But why, it may be asked, are certain fama task* 
the minuoked and others as the mimlckers ? Jfr. Bataa ■ 
fiictorily answers this question, by showing that th« Cbcai « 
is imitated keeps tbe nsnal dress of tbe group to whick it M 
whilst the counterfeitci^ have changed their dren mti^ ia ■■ I 
resemble their nearest ^iies. 

We are next led to Inquire what reason can be a 
certain batterSies and moths so often sssuming the dreoa of aiolk* 
and quite distinct form ; why, to the perplexity of iutttlnlBt% bi 
nature condetiCendcd to the tricks of the stage ? Mr. pfftr^ )0, 
no doubt, hit on the true expL-iDaliou. The mocked fonn*^ wW 
always aboimd in numbers, mnst habitually eacape ilrwtmutiul • ' 
a large extent, otherwise they could not exist in stub BManvi 
and a large amount of evidence hus now been eoUeicted, abnriM 
that they arc diatasteful to birds and other insect-dcTonritig aniirriV 
The mocking fonus, on the other bund, that inhaUt the tv^ 
district, are cDm|>iuBtiTGly rare, and belong to rare groups; bcm 
they must suffer habitually from some danger, for otfaerwint & 
the number of b°^ laid by alt butterflies, they wouhl i ~ ~ 



CltiF. XIV.] ANALOGICAL RESEMBLANCES, 377 

four geneiatioTiB Bwarm over the whole oountry. Now if a momlwr 
of Dae of these pei8ecul«il and mre groups wsra to uaume a dress 
00 like thai of a we II- protected species that it cootiouatiy deceived 
the practised ejes of au enloiuologist, it would often deceiva pre- 
daceoua birds and insects, nod thus often nscape deslruction. Mr. 
Bates may almost be said to have actuslly wilnessnl ihe pnweas 
by which the mimickers have come bo oloeely to resemble the 
mimicked ; Ibr he found that some of the fonos of Leplalis which 
mimic so many other buttetfliee, varied in an eiCreme degree. lu 
one district several varieties occurred, and of these one alone 
resembled to a cert^n extent, the common Ithomia of the same 
disCricL In another district there were two or three varietieis one 
of which was much commoner thitn the others, and this closely 
mocked another form of Ithomia. Prom facts of this luturo, 
Mr. iiates coocludee that the Lcplalis first varle* ; sod when a 
variety happens to resemble it) some degree any common bnttttrfly 
inhabiting the same district, this variety, from its Teaemblance to 
a flourishin;; and lltUe-pcrsecuCed kind, hu a better cbanee of 
•scaping dfatmctian from predaoeous birds and insects, and ia 
oonsequently oftener preaerved; — "the lesa perfect degree* of re- 
temblance being goneralion after generatioii eliminatsl, and only 
the others left to prop^iiiite their kind.* ^ that here we have an 
excellent illustration of natural selection. 

Messrs. Wallace and Trimen have likewise descrilied several 
equally striking cases of imitation in the Lepidoptera of the Malay 
Arcbipelngo and Africa, and with some other insects. Mr. Waltnco 
has also detected one such case with birds, but we have none with 
the hryer qnadrupeds. The mui:h ^iiaicer frequency of imitation 
with insects than with other animals, is probably the conse<inenca 
of thi.-ir small siie ; insects cannot defend tbt^nuelves, excepting 
indeed the kinds furnished with a sting, and 1 have never heard of 
an instance of such kinds mocking other insects, though they ars 
mocked; insects cannot easily escape by flight from the larger ani- 
mals which prey on them j therefore, speaking metaphorically, they 
■re reduced, bke most weak creatures, to trickery and dissimnlatloD. 

It should bo observed that the process of imitation probably never 
commenced between forms widely disaiuiUai in colour. But starting 
with species already somewhat like each other, the closest resem- 
blance, if benelicial, could readily be gained by the above means; 
and if the imitated form was suhsequentty and gradually modified 
through any a<:enoy, the imilaling form would be led along thu 
same ttuek, and thus be altered to almost any rxlent, so that it 
nilEht nltirontsly awuiM tn appearanca or oohmring wholly unlike 




that of tlie other mettibera of tbe ramity to whicli it bclongBd, 
There is, however, some difiiouU.y on this bead. Tor it U necestM? 
to Hupposa in some cases that ancient members belonging to aevaH 
distinct groupa. before tbcy had diverged to their present eiUnt, 
ucidentaUj' reiieaiblcd a m^nbcr of another and protected group 
in a Buffioient degree to afford some slight protection; this h«Ting 
given the basis for the subsequent acquiiution of the moBt perfecs 
nsemblanoe. 

On the Nature of tin Affinilin conneeling Orjonie Bfi'njt, — Af 
the modified dascendaoCa of dominant species, belongii^ la the 
lai^r geoera, tend to inherit the advantages which made the gron^ 
to which they bttlong large and their jiftrents dominant, they nre 
abnost sure to spread widely, and to seiie on more and more pkcea 
in the economy of nature. The larger and more dominant gronj* 
within each claas thus t«nd to go on increasing in siEe ; and thej 
consequently supplant many emiUler and feebler groups. TbuB m 
can accuunt for the fact that all organisms, recent and extinct, vt 
included under a few grent oniers, and under slnll fewer ctaasea. A* 
showing how few the highi-r groups are in number, and how widely 
they are spread throughout the world, the fact is striking that the 
discovery of Australia has not added on insect belonging l« a nev 
class ; and that in the vegetable biugdom, as I learn from Dr. Hooiier, 
it has added only two or three families of small wze. 

In the chapter on Geological Succession I attempted to show, an 
the priuciple of each group having generally diverged mucb io 
character during the luag-contiuued process of modification, bow it 
is that the more ancient fonns of life ofleu present charaolcs in 
KHDfl degree intermediale between existing groups. As sotna fewiJ 
the old and inttrmetiiatc forms have tnuismitud to the preseal i*J 
descendant! but little modiGcd, these conatitnte oar 8»«tl)Hl 
osculant or aberrant species. The more aberrant any form is, tt« 
greater must be the number of connecting fonns which have bxcD 
exterminated and utterly lost. And we have some evidence ^ 
aberrant groups having suffered severely from extinction, for llwT 
Are almost always represented by extremely few specie*; and suck 
Species as do occur are generally very distinct from vteb otlxr, 
which again implies extinction. The genera Dmithorhynchns and 
Lepidosiren, lor example, would not have been Less aberrant bti 
each been represented by a dozen species, instead of ae at preaenl 
by a single one, or by two or three. We can, I think, oocouol fo 
this fact only by looking at aberrant groups as forms which h*** 
been conquered by more successful competitors, with a few m 
Gtill preserved under unusually (avonraoie conditions. 
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I Ur. Walcrloiise hag retnniked thai, wbea « mi'iuber belongiug 
I to one p;roiip of imiiii&U exhibits an aHinii; lo k quite distitict 
groap, this nllinlty in moat cases U t^cneral and uot special ; tiiiu^ 
kocording (o Mr. Wfiterholue, of all Hodeuta, tlie blEcacha ia most 
Deftrljr minted to Marsupials ; but in the points in whicli it ap- 
proaches this order, its relations are general, that in, cot to any one 
tuarsupial epeciea more than lo another. As tbeee points of afiiiutf 
are believed lo be real and not merely adaptive, they mun be dua 
m aocordonce with our view to iuheritaDce from a common pit^eiu- 
tor. ITierefore wo must suppose either that aU Rodents, including 
the bizcacha, branched off from some ancient Marsupial, which will 
naturally have l>eca more or less intermtdiate in character with 
respect lo all existing MaruupiaU ; or that both Rodenla and Mareu- 
pials branched off from a common progeoitor, and that both groups 
have since undergone much modification in divergent directiorw. 
On either view we must siip]xMe that the bixcacha has ivtained, 
by inheritance, more of the characten of its ancient proganitor than 
have other Rodents ; and tln'refuro it will not be speciiiUy related 
to any one existing Marsupial, but indirectly to all or uoaxly all 
HarsupinK from having partially retained the charactur of their 
common ptogonitor, or of some early mtiabcr of the group. On tha 
other hand, ol all Marsupialii, as Mr. WaterboUHc has remarked, tin 
Phaecolomys resembles moat nearly, not any one speciea, but the 
general order of Rodents. In this caae, however, it may be strongly 
Buspeclei) that the resemlilance is only analogical, owing to lh« 
Phascolomys having become odiiptHl to habits like those of a 
UodenL The elder Lie CandoUe has mads nearly similar obacrrationa 
on the general nature of the affinities of distinct fomihes of planta. 
On the principle of the multiplication and gradual diver^nca in 
character of the species descended from a conmion prot^itor, 
tOj^ether vrith their retention by inherilance of some characters in 
common, we can understand the excessively complex and rodialii^ 
affinities by which all the members of the same family or bi^er 
group are coiinect*^ together. For the common progenitor of n 
whole family, now broken np by extinction into distinct groupi and 
sub-grou|is, will have transmitted some of its cbanuten, modified 
in various ways and degrees, to all the species ; and they will coa- 
seijuently be related to each other by circuitous lines of affinity o( 
various lengtlis (ss may be seen in the diagram so often referred to), 
monntinR up through many predecessors. Ai it is difficult lo show 
the bluod-relstionship between the nnmerDOs kiitdral of any anciett 
and noble family even by the aid of a genealofcica] tree, aul almoat 
impossible to do n> without this aid, we can understand the oxtm- 
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ordinary difficulty which naturalistB huve eiperienced ia doscribing, 
without the aid of » diuj^ram, the various affinities which tbcy 
perceive between the many living and extinct members of the saint 
great lutunl clase. 

Extinction, na we have seen in the fourth chapter, has played m 
important part in detiniog and widening the intervals belwesD de 
Bcvoral groups in each cla-vi. We nmy tbua account for the distind- 
ness of whole claasea from each other — for inslnnoe, of birds (mm 
all other vertebrate animals — by the boliBf that many ancient fonns 
of life have been utterly lost, through which the early pn^coiltn 
of birds wore formerly connected with the early progeoiton of 
the other and at that time leas differentiated ve.-tebrole claoca 
There has been much less extinction of the forma of life which odm 
connected fishes with hatrachiana. Qlierc has been Blill leaswilluii 
Kino wboie classes, for instance the Crustacea, for here the noel 
wonderfully divurso forms are still linked together by a long uil 
only partially broken chain of afiiuitics. Extinction his onlj 
defined the groups : it has by no means made them ; (or if enrj 
form which has ever lived on this earth were suddealy to respicit, 
though it would be quite impossible to give defiiiitiofu by which 
each group could be distinguished, still a natural ctasaification, orit 
least a natural arrangement, would be possible. We shall lee liiii 
by turning to the diagram ; the letters, A to L, may lepramt 
eleven Silurian genera, some of which have pniduced large gnRi[««f 
modified dcscendaDts, with every link in each branch and nl>- 
branch still alive; and tho links not greater than those betwMS 
existing Tarietiea. In this case it would be quite impossible to^n 
definitions by which the several members uf the several fjocf 
could be distinguiabcd from thch more immediate ;»rents W 
descendants. Vet the arrangement in the diagram would still b<^ 
good and would be natural ; fur, on the principle of inhfiriCance, >ll 
the forms descended, for instance, from A, would have sometbiiii 
iu common. In a tree we can distinguish this or that bm>c)i< 
though at tho actual fork the two unite and blend t':^ther. ^' 
could not, as I have said, define the seveml groupa; but we toM 
pick out types, or forma, representing most of the chanicien of it^ 
group, whether large or small, and thus give a general ideA of i'' 
value of the differences between them, lliis is what we shootil ^ 
driven to, if we wore ever to succeed in collecting aU the fotoii" 
any one class wnicb have lived throughout all tjme and spK^ 
Asstiredly we shall never succeed In making so perfect a colla- 
tion : neverthelesB, in certain claasea, we are l«ndLig towaidi ^^ 
end; and Milne Edwards baa lately insisted, in an able paper, it^ 
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the high impartanCB of looking to tjpca, whether or not n~e can 
•eparato and define the groupe to which such tyjiea bi'long. 

Finally, we have ceen that natural Eolection, which follows from 
the Btn]);g]« for exiitence, and which Almost inevitably leads to 
ectinctiun and diTergeuco of character in the descendant! from my 
One parent-species, eiplaios that great and niUTenal feature in 
the afiiuities of all organic beings, namety, their subordinatioa 
In group under group. We um the element of descent in 
etassiDg the individuals of both loiea and of all ^ea under one 
■pecies, although they may have but few charactera in oommon; 
«e use descent in classing acknowledged varieties, however different 
thoy may be from their [Arents ; and I believe that this element of 
descent is the hidden bond of connoiion which naturalists have 
■ought under the term of the Naturat System. On this idea of tliu 
natural system being, in so far as it has been perfected, gcnealopcal 
In ila anangoinent, with the grades of diflerooce eipresstd by tbe 
terms genera, families, orders, &c., we can understand the rnles 
which we are compelled to follow in our clarification. We con 
understand why we value ccrtxin resemblances far more than 
othen ; vhy we use nidimeiitar; and useless orgum, or olhere of 
trifiing physiological importance; why. In finding; the relatioiu 
between one group and another, we summarily reject analogical or 
•dafitive characters, and yet use these same characters within the 
limits of the same group. We can clearly see how it is that all 
living aod extinct forms can be grouped tt^ether within a few great 
classes ; and bow the several membeis of each class are connected 
together by the most complex and radiating lines of affinities. We 
■hall never, probably, disentan<;le the ineitricable web of the 
afSnities between the memtiere of any one class ; but when we have 
• distinct object in view, and do not look to some unknown plan of 
crealion, we may hope to make sure but slow progress. 

Professor Hackel in his ' Gcnerelle Morphologic ' and in other 
works, has recently brought his great knowled;;e and abilities to bear 
on what be calls pbylugei>y, -jr the linos of dencent of alt oi^anic 
beings. In drawing up the several series he trusls chiefly to 
onbryological characters, but receives ud from homoloi;ouB and 
rudimentary organs, as welt as from the successive periods at which 
the various forms of life are believed to have first appeared in onr 
geological fonnations. He has thun buldly made a great b^inning, 
ud attoWB us how classification will io the future be treated. 
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Morpliulo</g. 
Wo Ijnve Been Ihat tlic meiiibera of the Miue class, uJfpeiiiientlr 
of their babits of life, teuamble each other Id the geiiemi pUnof 
their or^anisatioii. Thii) resemblance \s often «tpresiied bj the 
tenn"uiiity of typo; "or by saying that the sever*! parts audorpu 
iu the different species of the class aru homologous. The wkilt 
subject is iocluded under the geocrHl term of Morpholep. Tlul ii 
one of the most inttresting dejiarlmeutH of ufttural history, and Wf 
almost be said to be its very suui What can Iw more curioni Iku 
that the hand of a man, formed for ^rRsping, that of a mokfv 
digging, the teg of the honie, the paddle of the porpoin^ and ihi 
wing of thu bat, should all be conHtructed on the same pattffii,tiJ 
should inclndo similar bones, in thtt Kitiie relative (lOUtiaeKT Es* 
curious it is, to give a auboitlinate though strikiug ioftaucs, Elu( 
the hind-feet of tlie kungaroo, which are so weil fitted lor bouniliii; 
over the open plains, — those of the climbing, tear-eatir^ ifk, 
equally well litied for grasping the branohca of Ireee,— thoso of tie 
ground-dwelling, insect or root eating, bandicoots, — and tho« of 
Eume other Australian marsuiiials, — should all be constructed on ihe 
same eitroordiuHry ty^ie, namely with the bones of the second ind 
third digits extremely slender and cnvt-ioped within the same Aio, 
so that they appmr like a Bm^le too furnished with two tk**' 
NotwitliHtauding this aimilarity of pattern, it ia obvious that ibc 
hind feet of these several aiiiiuala are uKud for aa widely diUbrmt 
purposes aa it is possible to conceive. The case is rendered all iJ" 
more striking by the American opossums, which follow utsilj 
the same habits of life as some of their Austmlian rulativn, hiring 
feet oonstmcled on the ordinary plan. IVofesBor Flower, fiw 
whom these atatemenla ani taken, remarks in uoiiclusk'n: '^' 
may call this conformity to type, without getting much tatift W 
an explanation uf the pheuomeiion;" and be then adds ~ but u il 
not powerfully suggestive of true relaliouBhip, of inheritance Frmii> 

Geoffroy ^t. Hilaire has strongly insislnl on the high impMlaiiC< 
of rektive position or connexion in homologous {ttrts; tlieyiU!' 
differ to almost any estent in form and sise, and yet remain (nn- 
nected together in the name invariable oiiier. We ncverfiad,rix 
instance, tho bones of the arm and foro-arm, or of the thigli u*) 
leg, transposed. Hence the same names can be given lo tbt tiOW* 
logoufl IJonPB in vfidely diflbrcat animals. We see the mudb git*! 
law in the construction of the months of insects : what can h* bH" 
diffuniQt than the immensely long apital probowia of a jphlui'OKitlii 
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the curioiu folded one of a boe oi bug, and the great jawe of a 
beetle? — yet all these organs, serving for sucii wiiiely liiffureBt 
purpoaes, are formed by infinitely nuiucmua modiJicaLioaa of an 
upper Up, inandiblea, and twu pitira of maxillEe. The same law 
gcivems the cooHtnicdou of the mouths and limbs of cruEtaccanB. 
So it is with the flowers of plants. 

Nothing can be more hopcle*a than to attempt to eiplnin thii 
similarity of pattern in members of the same ciasa, by utility or 
by the d.x;trino of final causes. Tho hopeleasaetw of the altempt 
ha» been expressly admitted by Owen in his most tiiteretiting work 
OQ the ' Nature of Limbs.' On the ordinary view of the ind»- 
pendent creation of each being, we can only say that bo it ii ; — 
that it has pleased the Creator (o construct all the flnimais and 
plants in each great class on a uniform plan ; hut this is not b 
■cieutific oiplaaatjon. 

The explanation is lo a large eitvot simple on the tbeory of the 
selection of successive flllgbt modi fications,— each modification being 
profitable in some way to the modified form, but often offectmg by 
corralatioQ other parts of the organisation. In changes of this 
saturC) Ihae will be kitUe or no tendeccy to niter the origiiul 
pattern, or to transpose the parts. The bones of a limb might ba 
shortened aiid flattened to auy extent, becoming at the same lime 
eaveloptd in thick membrane, so as to serve as a fin i or a webbed 
hand mi^ht have all its bones, or certain bones, lengthened to any 
extent, with the membrane connecting them increased, so as to 
serve as a wing ; yet all these modiflcalioiw would not tend to alter 
the framework of the bones or tlie relative connexion of the partti. 
If we suppose that an early progenitor — the archetype as it may 
be called — of all mammals, birds, o&d reptiles, had its limbs con- 
Btnicted on the existing general |iatt(ini, for whatever purpose tliey 
served, we can at once perceive the plain signification of tlie homo< 
losous construction of the limbs throughout the class. So with 
the mouths of tnseols, we have only to suppose that their common 
prcr^enitor had an upper lip, mandibles, and two pairs of maxillee, 
these parts beic^ perliaps very simple in form ; and then natural 
selection will account for the infinite diversity in tlie structure and 
functions of the mouths of insects. Nevertheless, it is conceivable 
that the general pattern of an ot^n might bi-comu so mueh 
obscured as to be finally lodt, by the reduction and idtlmatety by 
the complete abortion of certain parts, by the fusion of other paria^ 
and by tbo doubling or maUiplication of others, — variations which 
we know to be within the limits of possibility. In tlie paddles of 
the gigontio exUoct sea'liza.ils, and in the mouths uf certain 
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■octorUl cniauceaiu, the ganenl [ttttetii aeems thnatolmclN^ 
[mrtiiJl; obscured. 

There is another aad equally ctuiom btmocfa of cwt wlirti 
nunely, Eerial bomologiea, or the oompaiiaoa of tfaa iliffiiipi wt 
cr oigans in the moe individakl, ud not of tba m— p« « 
oigaiu in different memben of the aune cUm. McR iti^ 
gista believe that the bone* of the aknll 
ia, oorreapond in number and in relatJTe __ 

elemental parte of a certain Dumber of vertebf^ The wMv 
sod posterior limbe in all the higher vertebrate cImmm RepWr 
homologous. So it is witli the wimderfiillj- complex ian ^ 
leg* of crostacaaos. It is familiar to almost ererr oim, tM k 
a flower the relative position of the sepals, petals, muit^ai 
pistiU, as well as their intimate structure, are iatelligjbla « ik 
view that they consist of metamorphosed leaves, amtumd ti I 
■fttre. In moiutrouB plants, we often get direct evidence of tW 
possibility of one organ being transfonned into uiotber; and 
can actually see, during the early or embryonic stages of derdsp 
ment in flowers, as well as in cruWaceans and msny other anioak 
that orgaoBt which when maturs become extremely difTerv&t at it 
first exactly alike. 

How ineiplicable are the cases of aerial htnuok^'ea on * 
ordinary view of creation ! Why should the br^in be imf M 
in a box composed of such numerous and stich eztjMndi^rl} 
shaped pieces of bone, apparently representing vert«tine? *• 
Owen has remarked, the benefit derived from the yieldins dI b 
separate pieces in the act of parturition by Kumimals, will bj M 
means explain the same construction in the aknils of birds tai 
reptiles. Why should similar bonos have be«n crested to fnu 
the wing and the leg of a bat, used as they are for aoch UbllT 
different purposes, namely flying and walking ? Why sfaoold tm 
crustacean, which has an extremely complex rooath fbnned d 
many parts, cousequentiy always have fewer 1«^ . p, eonvwrit 
those wi'.h many legs have simpler mouths? Wby should O* 
sepals, petals, stamens, and pistils, in each flower, though find 
for such distinct purposes, be all constrocted on the same Mlleni! 

On the theory of natural selection, we can, to a certain eileU, 
answer these questions. We need not here consider how the bodM 
of some animnhi first became divided into a seriea of semiKm 
or how they became divided into right and left aides with o«w 
qwnding organs, for such questions are aimcst beyond investia- 
tion. It is, however, probable that some aerial stniotDiM ■■ 
the result of cells multiplying by division, entailing th« noH- 
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plication of the parts developed from such cells. It must sufSce f jr 
our purpose to bear in mind that an indefinite repetition of the 
aame part or organ is the common characteristic, as Owen has 
remarked, of all low or little specialised forms; therefore the 
unknown progenitor of the Yertebrata probably possessed many 
Tertebrse; the unknown progenitor of the Articulata, many seg- 
ments; and the unknown progenitor of flowering plants, many 
leaves arranged in one or more spires. We have also formerly 
seen that parts many times repeated are eminently liable to vary, 
not only in number, but in form. Consequently such parts, 
being already present in considerable numbers, and being highly 
variable, would naturally afford the materials for adaptation to the 
most different purposes ; yet they would generally retain, through 
the force of inheritance, plain traces of their original or fundamental 
resemblance. They would retain this resemblance all the more, 
as the variations, which afforded the basis for their subsequent 
modification through natural selection, would tend from the first 
to be similar ; the parts being at an early stage of growth alike, 
and being subjected to nearly the same conditions. Such parts, 
whether more or less modified, unless their common origin became 
wholly obscured, would be serially homologous. 

In the great class of molluscs, though the parts in distinct 
species can be shown to be homologous, only a few serial homo- 
logies, such as the valves of Chitons, can be indicated ; that is, 
we are seldom enabled to say that one part is homologous with 
another part in the same individual. And we can understand this 
fact ; for in molluscs, even in the lowest members of the class, we 
do not find nearly so much indefinite repetition of any one part 
as we find in the other great classes of the animal and vegetable 
kingdoms. 

But morphology is a much more complex subject than it at first 
appears, as has lately been well shown in a remarkable paper by 
Hr. £. Ray Lankester, who has drawn an important distinction 
betw^n certain classes of cases which have all been equally ranked 
by naturalists as homologous. He proposes to call the structures 
which resemble each other in distinct animals, owing to their 
descent from a common progenitor with subsequent modification, 
homogenous ; and the resemblances which cannot thus be accounted 
for, he proposes to call homoplastic. For instance, he believes that 
the hearts of birds and mammals are as a whole homogenous, — 
that is, have been derived from a common progenitor; but that 
the four cavities of the heart in the two classes are homoplastic, — 
that is, have been independently developed. Mr. •lankester also 
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adduces the close resembliwce of the parts od the right 
sides of the body, and in tbe successive B^menta of ths m 
vidua! animal ; aaii here wu have parts commonly esllol 
logous, which bear no relaUoD to tbe descent at distinct 
tram a comnioa progeoitor. Homoplastic atnictni^ an tba •■» 
with thoEs which 1 have classed, thotigh in a Tei7 impdM 
iDBiiDer, as onatogouB tiiodifl cations or resembl&noes. Tbarbmt- 
tioQ may be atlributed in part to distinct orguiisma, orlodiitiui 
jaiU of the same organism, hnving varied in art analogoiu ■-«"■■' ; 
and in part to similar modificatioDH, having been ptoemd n 
the same general purpose ot futictioc, — of which taaaj imtuw 
hovo been given. 

Naturalists freqaently speak of the skull as form«d of xaetaixt- 
phosed vertebral; the jaws of cnibs us metamorphosed Icp; tM 
stamens and pistils in flowers as metamorphosed le«Tcsi Iml i 
would iu must cases be more correct, as Profemar Hnxle; bM 
remarked, to sjieak of both skull and vertebrae, jans and ifgi.i k. 
as having been metamorphosed, oot one from the other m I^ 
now exist, but from some common and simpler element Vm 
Qaturaliste, however, use such langiii^se obl.v in a mdaiikvM 
sense; they are far from meaning tliat during a long coomrf 
descent, primordial organs of any kind — vertebrae in the one «t 
and legs in tlie other — have actually been converted into skcdti « 
jaws. Yet so atroug is the appearance of this having occviM 
that naturalists can hardly avoid employing language ^vhig d> 
plain signification. According to tfae views here maintanwd, ari 
language may be nsed literally ; and tlie wonderful fact of b 
jaws, for instance, of a crab retaining nomerous charactei^ K^ 
they probably would have retained through itiherit«nc^ if tlfl 
had really been metamorphosed from true though extmnelr muk 
legs, is in part explained. 

I>eiielcprnerU and Embryology. 

This is one of the moat important subjects in tte vrbola TvoAd 
natural history. The metamorphoses of insects, with whieb V 
one is famitiar, are generally effected abruptly by a few rtw 
but the transformations are in reality numeroiia and gisdtt*!, 
though concealed. A certain ephemerous inaeot (ChUioon) dnlii* 
its devolipmont, moults, as aliown by Sir J. Lubbock, aton 
twenty times, and each time undergoes a certain anunmt d 
change ; and in this case we see tbe act of metamorphoM p«- 
formed in a primary and gradual manner. Hany j 
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especinlly curtain cniitaceans, show ub what wondorlnl clinn^a 
of structure can bs elTected during development. Such clian^M. 
however, roach their Mine in the to-oalled &lteniat« mnenttjoiM 
of some of the lower animals, It is, for instaooe, ui utonlshing 
fact that a dalicata hranching coralliae, utiiddod with polypi and 
attached t") a aubmarine rock, ahould produce, first by budding ftnd 
then by tmnsverae division, a host of huge floating jelly-fishes ; 
and that these nhoold produce eggs, from which ore faatehed 
swimming aDimalculea, which attach themselves to rocks and 
become developed into branching corallines ; and so on in an 
etidle.19 cycle. Th« belief ia the essential identity of tlie process 
of altematu f^eoeration and of ordinary metamorpiiosis has been 
greatly strengthened by Wagner's discovery of the larva or niaggot 
uf a dy, namely the Cecidomyia, prodacin; asesually other larrw, 
and tlit^o others, which finally are developed into mature males and 
females, propagating their kind in the ordinary maoner by eggs. 

It may he wortli notice that when Wagner't remarkable discovery 
was first announced, I was asked how was it possible to account 
for th« larviB of this Qy having acquired the power of asexiial 
reproduction. An long as the case remained unique no answer 
could be given. But already Grimm has shown that anotbor Ry, 
a Chironomus, reproduces itself in nearljr the some manner, and hs 
believes that this occurs freqaontly in the Order. It is the pupa, 
and not the larva, of the Chironomus which has this power; and 
Grimm farther shows that this case, to a certain eiten^ " unites 
that of the Cecidomyia with the parthenogenesis of the CoocidK ;" — 
the term parthenogeneeis implying that the mattire females of the 
Coocidn are capable of producing fertile eggs without the con- 
course of the male. Certain animals belonging to several classes 
are now known to have the power of ordinary rcprodaction at an 
unusually early age ; and we have only to accelerate partheno- 
genctic rcprodnction by gradoal steps to an earlier and oarliei age, 
— CbironomuH showing ns an almost exactly intermediate stage, 
viz., that of the pupa — and we can perhaps account for the mar- 
vetlouB case of the Cecidomyia. 

It has alrvady been stated that various parts in the same indi- 
vidual which are exactly alike during an early smbryonia period, 
become widely dLfferont and serve for widely difierent pnrpooM in 
the a-lult state. !5o again it has been shown that generally tlie 
embryos of the most distinct spedes belonging to the uune class 
are cloeely similar, but become, when fully developed, widely dis- 
siuiilar. A better proof of tliia latter fact cannot be given than 
the statement by Ton User tlist " the embryce of mammalia, ot 
S o It 
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*' hiria, lixBnla, and snakes, probably ftlao of cheionb, an m tlir;5, 
" earliest states exccodingly like one another, both as a whole ac^ti 
" In the node of development of their purta; bo mach so, in !iM!t, 
" that we can often dialinguish the embryoa only by their size. 
" In my possession are two tittle embryos in spirit, whose naDnv 
" 1 have omitted to attach, and at present 1 am quite unable to any 
" to what class they belong. They may be liunls or small bifdi, 
"or very yuan;{ mammalia, so complete is the umilarity in the 
" mode of formation of the head and trunk in these antmalj. Tlie 
"extremities, however, are still absent in these embryos. Sni 
" even if they had existed in the earliest stage of their devcki- 
" ment we should leanv nothing, for the feet of liiards and ran- 
" mals, the wings and feet of birds, no loss than the hands Rnd M 
" of man, all arise from the same fimdamenttd form.* The latv* 
of most cruataoeanii, at corresponding stages of development, o1(wi; 
respmble each other, however different the adulla easy Iwoonw; 
and so It la with very many other animals. A trace of the l>w 
of embryonic resemblance occasionally lasts till a rather lite i^i 
tbna binjs of the same genus, snd of allied genera, often resambk 
each other in their immnlure plumage; as we see in the ipiw 
feathers in the youn^ of the thrush group. In the oat tribe, ttoU 
of the species when adult are striped or spotted in lines; ud ] 
stripes or spots can be plainly distinguished iu the whctp of th 
lion and the puma. We occasionally though rarvly see somelluDg 
of the same kind in plants ; thus the first leaves of the nlu at 
tune, and the fiist leaves of the phyllodineous acacias, are [unMls 
or divided like the ordinary leaves of the Icgiiminosee. 

The points of structure, in which the embryos of widely dlffermt 
animals within the same class resemble each other, often have no 
direct relation to their conditions of eiisicnct We cannot, f™ 
iiiatiince, suppose that in the embryos of the verlebrata the pecuilu 
loo|i-like courses of the arteries tteer the branchial slita are rclttel 
to similar conditions, — in the young mammal which is nourishoi i" 
the womb of its mother, in the egg of the bitd nhich is hudf^ 
in a nest, and in the spawn of a frog under water. Wo hive n" 
more reason to believe in such a relation, than wo have to iclis" 
that the GimiLir bouea In the hand of a man, wing of a ba^ uA fi" 
of a porpoise, are rehrted to simihir coodilions of life. So oM 
supposes that the stripes on the whelp of a lion, or the iprti 09 
the young blackbiri), are of any use to these animala. 

The case, however. Is different wlien an animal during noff^ 
of its embryonic career is activ% and has to provide (or itnl£ Thi 
period of activity may oomc on earlier or later in life ; bnt «lieiut«t 
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it comes oD, the sdapUtion of tbe Urra to ita coaditions of life is 
just as perfect and as beautiful as in the adolt aniiriaL In bow 
ItDportant a TDauDer thit hit acted, has receutty been well shown 
by Sir J, Lubtiock in his remarks on the close siinitarjt7 of tbe 
larrm of Mme insects belonging to verj different ordeni, and on 
the dissimilarity of the larvie of other insects within tbe same 
jrder, according to their habits of life. Owing to such adaptatioas, 
ths similarity of the larvie of allied aniniaU is sotnctinii's greatly 
obscured i especially when there is a division of labonr during the 
dilTerent stages of derelupment, as when the same larva has during 
one stage tu search fur Tood, and during another stage has to search 
for ft place of atlachtucnt. Cases can even be given of the larvie of 
allied EjiecieB, or groups of species, differing more from each other 
than do the adults. In most cases, however, tlie larrai, thoujji 
active, still obey, more or leas closely, the law of common embryonic 
resemblance. Cirripedcs afford a good insiance of this; even tha 
illustrious Cuvier did not perceive that a himacle was a crustacean ; 
bnl a glance at the bura abowg this in an unmistakable manner. 
So again the two main divisions of ciiripedes, the pedunculated and 
sessile, though differing widely in external appearance, have larvit! 
in all their stages barely distinguishable. 

The embryo in the coarse of development generally rises in 
organisation ; I use this eipressioa, though I am aware that it is 
hardly possible to define clearly what is meant by the or^nisation 
being higher or lower. But no one probably will dispute that tbe 
butterfly is higher than the caterpillar. In some cases, however, 
the mature animal must be considered ss lower in tbe scale tlioL. 
the larva, as with certain parasitic cmstaneans. To rttrr unoe 
again to cirripedes: tbe larvic in ihe first stage have three jiaira uf 
locomotive organs, a simple single eye, and a proboeciformed month, 
with which they feed largely, for they increase much in sixe. In 
the srcond stage, answering to the chrysalis stage of butterflies, 
they have six paira of beautifolly ccnstructed natatory \eg», a pair 
uf maicnificenl compound eyes, and extremely complex antenna; 
but they have a closed and imperfect month, and cannot feed: 
thi^ir function at this stage is, to search out by their welt-developed 
oi^ana of sense, and to reach by their active powers of swimming, 
a proper place on which to become attached and to undergo their 
final metamorphosis. When this is comgiletM they are fixed for 
life: their legs are now converted into prehensile organs; tbej 
again obtain a woll-constmcted month ; but they have no antenns^ I 
and their two eyes are now reconverted into a minute, ungb^.l 
HDiple eye-spot. In this last and complete stale, cirripedes nuq^ 1 



be considered as either more highly or more lowly organised thfii 
they were iu the larval coodition. Uut ia some geii«r» Uie bm 
become dovelopfd into hennaphnxiiles hariBg the ordinarr ■Obc- 
ttire, and into what I have called complemeatal males ; ami ia tW 
latter the devclojiment has assuredly beer, rctrognuie, for the nk 
is a mere itack, which lives for a ehort time and ia deatitnu J 
mouth, aiomach, and every other organ of importatiee, excepiitc 
those for reproduction. 

We are so niucli KccuBtomod to tee a dlflercnoe in BHQCtoN be 
tneeu the embryo sod the adult, that we are tempted to Itntit 
this difiereuce as in some necessary raanner contiogetit oo giewdi 
But there Is do reason why, for iuetance, the vdng of ■ bat, ecte 
I fln of a porpoise, should nut have been sketched out with all tbai 
pans iu proper proportion, as soon as any {wrC became Tinbli. li 
Kune whole groups of animals and in cerlaio membera of oSm 
groups this ia the case, and the embryo iloes not at an; period dili 
widely from the adult : thus Owen hoa remarked in regard to cnHli- 
fish, "there is no melamorphosis ; the cephalopodic ehaiBCltr li 
nuDifeBtad long beFore the [lorta of the embryo qn COmtdcM* 
Land-shells and fresh-wator crustaceans are born hB.vit]g iheii pnpl 
forms, whilst the marine members of the aama two gr«at danea^ 
through conaiderable and often great changes during thair dmltp 
roenti Spiders, again, barely undergo any metammpbotia. lit 
larval of most insects pass through a worm-like stage, vtbeOtet^ 
are active and adapted to diversified habits, or arc inactive &M 
being placed in the midst of proper nntrimunt or from being fidkf 
their parents; bot in some few cases, as in that of Aphia, if we Ink 
to the admirable drawings of the development of this i&stcti If 
Professor Huxley, we see hardly any trace of the vermifcwm ■ 

Sometimes it ia only the earlier developmental stages whit 
Thus Fritz Mtiller hna made the remarkable diacoTtry thai i 
shrttup-like crostacetina (allied to Penteus) first nppear ante A 
simple uaupliuB-fonn, and after passing through two ar mtmav 
stages, and then Ihrotigb the mysis-stage, finally acijain 
mature structure: now in the whole great muhicostiiuaui ofdar.k 
which these crustaceans belong, no other member ia ma yet I 
to be first developed imdcr the nauplius-form, though nuuiy i 
as zoeas ; nevertheless Miiller assigns reasons for hia iMlie^ that t 
Uiere had been no suppression of development, all these i miiliiMri 
would have appeared aa nauplii. 

How, then, can we explain these several facts in embnoliA^ 
namely, the very general, though not universal, dillenju^ in ta» 
cere between the embryo and the adult; — the vttrious mrtaisdi 



DEVCLOPMEST AND EMBRYOLOGY 391 

saiue iodividiial embryo, which ultinmtely become tci; QnUke &□<! 
KFTe for diverse purposea, being at an eari; period of growth alike; 
— the cumtnoa, but not invariable, reaeiDbUDce between tbe tan- 
Inyos or larv« of the most distinct species in the same class ; — 
the embryo often retaining whilst withia the eg); or womb, struc- 
tures which are of no serrice to it, either at thai or at a later 
period of life ; on the other hand larva, which liave to provide for 
their own wants, being perfectly adapted to the surrounding condi- 
tions; — and Inttty the bet of certain larvas standing higher in the 
Kale of organisation than the mature aninud into which tbey are dc- 
vc'1o]ied ? I believe that all ihese facta can Ite eipluned, as foUowB, 

It is commonly assumed, perhaps from moQatnwitieB afibcting thc> 
embryo at a very early period, that slight variations or individual 
dilTt'reiicea neceasarily appear at an eqtutlly early period. Wo have 
little evidence on this haid, but what we have certainly poiuis the 
other way ; for it i« notorious that breeders of cattle, horses, ond 
various fancy animals, cannot positively toll, until some time after 
birth, what will be tbe merits or demerit of their jonng animals. 
We sea this plainly in our own children ; we cannot tell whether a 
child will bo tnU or short, or what iis precise features will be. The 
question is not, at what |ieriod of life each variation may have beem 
caused, but at what period the efft-cts are displayed. The cause 
may have acttd, and I believe often has acted, on one or both 
parents before the act of generation, ll deserve* notice that it is 
of no importance lo a very young animal, aa long as it remains in 
its mother's womb or in tbe egg, or as long as it is nourished and 
protected by its paront, whether most of ita chaiacterfi are acquired 
a little earlier or later in life. It would not signify, for instance, 
to a bird which ohtnlned its food by having a much-curved beak 
whether or not whilst young it i>oa0eB9ed a boak of this shape, as 
long as it was frd by its parents. 

1 have sCsU-d in the first chapter, that at whatever age a varisliou 
first appears in the ).«rent, it tends to re-appear at a corresponding 
age in tbe offspring. Ccrtab variations can only ajipcar at corm- 
{londing ages; for instance, peciiliari ties in the caterpillar, cocoon, 
ur imago states of the silk-motb : or, again, in tbe fuU-growu boms 
of cattle. But variations, which, for all that we can see might 
have first appeared either earlier or later in life, likewise tend to re- 
appear at a corresponding age in tbe offspring and parent. I am 
far from meaning that this is invariably the case, and 1 could give 
several eicoptional cases of variations (uking the word in the 
largest sense) which have supervened at nn earlier age in the chilti 
than in the puent. 
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'lliece two principles, Dfttnely, tbat slight Tsriiitioiu fOKxij 
appear at a not veijr early period of life, and juq inherited at ibi- 
responding not early period, eiplain, as I believe, all Utt lUn 
epedSed leading facta io embryulogy. Bat first let na look toan 
analogoua cases iu our domestic varietiea. Some aathora vho iv< 
wrilteo on Uogs, luainlaia that tha greyiiound and bulldcg, tbai 
so diS'ereot, are really closely allied varieties, descended itma tlx 
asiue niitl stock ; hence 1 waa curious to soe how far their psp^ 
dilTered from each othor : 1 was told by brci'ders th&t they diJM 
just as much as their parents, and thin, judging hj the eye, iiunid 
almost tti be the case ; but on actually meaauriiig the old dop 
and their aii-days-old puppies, 1 found that the pappica bad M 
acquired nearly their full amount of proportional diflereoca S^ 
a^^in, I was told that the foak of cart and raoe-hon^K-famdi 
which have Ihmu almost wholly formed by selection under doaoll- 
calioa — differed as much aa the full-grown animaU; but having lil 
eareful measiiremeats made of the dotus aud of threo-daplll 
colts of race and heavy cart-horaea, 1 find that this ia by no noM 

As we have conclusive evidence that the breeds of the R9M 
ore descended frotu a single wild epeeics, I compared tba jwnf 
within twelve hours after being hatched; I carefidly m^^ondib 
proportions (hut will not here give the details) of the beak, nVA 
of mouth, length of nosttil and of eyelid, size of Teet uid tmiclh ol 
leg, in the wild parent-spi.'cies, in poutera, fatitails, ruiit8,*b«h 
dragons, carriors, and tumhlcra. Now some of these binU, rt(i 
mature, differ iu so extraordinary a manner in the length and tm 
of beak, Bud in other characters, that they would certainly fam 
been ranked as distinct genera if found In a state of Dntute, But 
when the nestling birds of these .several breeds were placed in a ivw, 
though most of thorn could just be diatinguiahed, the proponiaal 
differencts in the above specified points were iQCOraparably [pw ihir 
in the full-grown birds. Some diaracterisCic points of diff«mm-- 
for instance, that of the width of mouth — could hardly be detacnl 
in the young. But there waa one remarkable excepljon to tbia t^ 
for the young of the short-faced tmnbler differL-d from the jonittel 
the wild rock-pigeon and of the other breeds, in almoat exactJj llw 
same proportions as in the adult statv. 

These facta are eipbined by the above two principles. Fondol 
select their dogs, horses, pigeons, &e., for breeding, wh<?a aauij 
tTOwn up : they are indifferent whi-ther the dcsirod qtinlitiev in 
acquired earlier or later in lil'e, if the full-grown uniiual ix^idMC' 
Ihom. And the cases just given, more i!»[iei:i[illy tbat 
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piReoQB, show tbat the chwacterUtio differences which have )«m 
sccumulBled by uod's Helectian, and which giTs value to hia breads, 

tdo not geuerallj^ appear at a Tery early period of life, and ape inhe- 
Tiled at a curresponding not early pcriud. But tlio case of the ehorl' 
faced tumhler, wiiiob wbon twelve hours old pjssessed ila proper 
characterg, proves that this is not the universal rule; for here liie 
cliaracteristio differences must either hava appeared at an earlier 
period than usual, or, if not so, the differences most bave ben in- 
kerited, not at a correspoadiog, but at au earlier aer. 

Kuw let iia apply these two principles to species m a stale ul 
nature. Let us take a group of birds, descended Tiom some ancient 
form and modified thniugb natural selection for different habits. 
Then, front the many slight soocesaive variatiuns having supervened 
in the seveni species at a not early age, and bariug been inherited 
at a corresponding age, the young will hate been but little modi- 
fied, and they will still resemble each other much more ckwely 
than do the adults, — jnst as we hare seen with the breeds of the 
pigeon. We maf exl«nd lliii view to widely distinct structures and 
to whole classes. I'he fore-limbs, for instance, which once served 
as le^ to a remote progenitor, may have become, through a long 
course of modification, adapted in one descendant t« act as hands, 
in another as paddlta, in another as wings ; but on the above 
two principles the fom-limbs will not have been much modified 
in the embryos of these several forms ; although in rsch form 
the fon>-limh will differ greatly in the adult slate. Whatever 
influence long-oontinuod use or disose may have had in modifying 
the 'limlB or other parts of any species, this will chiefly or solely 
hare affected it when nearly mature, when it was compelled to 
use its Tnll powers to gain ita own living ; and the effects thus 
produci-d will bave been transmitted to the offspring at a cor- 
responding nearly mature age. Thtis the young will not be modi- 
fied, or will be modified only in a slight d^ree, through the effects 
of the increased use or disuse of parts. 

With some animals the siicceaiive variations may have supervened 

at a very early period of life, or the steps may have been Inhctitcd 

at an earlier age than that at which they first occurred. In either 

of these cases, the young or embryo will Gloscly resemble the 

mature patent-form, as we have seen with the short-faced tumbler. 

And this is the rtile of development in cerlain whole groups, it 

_ in certain sub-gruupa alone, as with cuttle-fish, land-ehcllii, fretih- 

l watft crustaceans, spideni, and some membcn of the peat olaic of 

I insects. With respect to tlie final cause of the young in such 

K fTDups not pnauDg through any metamorphosis, ua can ate that thw 
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would follow from Ibo following contingenoes; DBmoly, from th» 
jroung having to pKivide at a very early age for tbeir own wautti 
and ftMm tbair following the eume habits of life with their paieau; 
for ID this CUM, it would be indiapeoaable for iheir existence tliat 
they should be modified in the aame maoner as their parmti. 
Again, with rexpcct to t)it' singular fact that many terreeiriitl uid 
fi«Bh-waler animals du not undergo any mctaniorphosb, wbilil 
marine meoibers ol' tbe «anie groups pass Ihrough various transfoT- 
matioDH, Fritz UUller has sug};CBl«d thai the process of tlfiirlj 
modifying and adapting an animal to Uto on the land or in fmti 
water, instead of in tbe sea, would be greatly ■impli6od by iuuot 
passing through any lurval stage ; for it is not probable that pluo 
well adapted for botli the larval and mature stag;eii, undor such H" 
and greally cbai.ged habits of life, would commonly be found un- 
occupied or ill occupied by other organisms. In this case IIm 
gradual acquirement at an earlier and earlier age of the Ml 
structure would be favoured by uatuml selection ; and all tncM id 
former metamorphoses would Gnnliy be lost. 

If, on the otherhand, it profltnl t)ie young of on animal to faUe' 
h&biUof life slightly diircfeDt front those of the pafetit-foTO. sM 
conseiguently to be coiistrucCrd on a slightly different plan, or if 
It iirufited a larva already different from ila parent to change atili 
further, then, on the principle of inheritance at Dorresponding ^n 
the young or the larvie might be rcndereil by nntuml selection nwrt 
and more different from their parents to any conceivable eiunt. 
Differences in tbe larva mi°Jit, also, become curelated with iiiMc*- 
sive stages of its development ; so that the larva, in the first rt>S<i 
might come to differ greatly from tbu larva in the second Sttgf," 
is the case with many animals. The adult might also beoome Gtwl 
for sites or babiis, in which organs of locomotion or of the M 
Ac, would be useless ; uud in this cose tbe metamorphosi 
retrograde. 

From the remarks just made we can see how by changes ol 
ture in the young, in confuimlty wilh changed habits of li!^* 
lather with inlicritsnce at corresponding a^es, uninals might KO' 
to pass through stages of development, perfectly distinct froo tl» 
[oimordial condition of their adult progenitors. Host of our Mt 
nnthorities are now oonvinced that the various btrval and ini[^ 
RtAiies of insects have thus been acquired through adaptjitioAU"' 
not through lulKritauce from some ancient form. Tbe ciiriuuKSH 
of Sitaris — a beet !□ which passes through certain unustutl stags oi 
development— will illustrate how this might occur. The 6i«t Ivr** 
form is described by U. Fabru, as on active, minute iasoct, foniii^ 
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nriih »ix legs, two Iode anteanot, and four eyea. TbeM hnM an 
hatched in tbe ncsu of bets ; and wliea tbe malo-lwet nnerga fcom 
tlieir burrows, in tbe apriag, uhich tbe^ do before the femalei, the 
hivas spring on them, and allerwards crawl on to the fematea whilst 
(Aired with tbo males. Ab boos aa the remain bee dupodta her 
eggs on iho surface of the hooej Ktorcd in the oells, the krvn ol 
%he Situria leap on the eggi aud devour them. Afterwords they 
undergo a complete change; their eji-a disappear; their legs and 
auteona! become nidimenlnry, and they fi-ed ou honey; so that they 
uow more closely resemble the ordinary larvie of insecls ; nltimately 
they underoo a further transrormation, and finally emer;;e u the 
perfect beetle. Now, if an insect, undergoing transfonnntions like 
those of lh(.> Sitaris, were to bcoome the progenitor of a whole new 
class of insects, Ihe ooiirse of development of the new class would 
be widely different from tbnt of our exlstinj; innecta : and the first 
Inrval stage certainly would not represent the former condition of 
any adult and nnoicut form. 

Un ibe other bud it ii bigblj probablo that with many aninali 
the embryonic or larval srages show us, more or less completely, the 
condition of the progenitor of the whole group in its adult state. 
In the great class of the Cruslooea, forms wonderfully distinct from 
each other, namely, suctorial |«rasitea, cirripedei, entomostrBca, and 
cren ihe malncostraca, appear at firsl as larvm under the naupiiui' 
form ; and as these larvic live and feed in the open aeo, and are not 
ailaptcd for any peculiar habils of life, and from other reasons 
ossi^cd by Fritz MilUer, it is probable that st some tbij remote 
period an independent adult aiiiniiil, resembling the Nanplius, 
existed, and subsequently produced, along aeveral dlver^nt lines of 
descent, the above-named great Crustacean groups. So again it is 
probable, from what wo know of the embryo* of mammals, birds, 
tiahes. and reptiles, that these animals are the modified descendania 
of some ancient progenitor, which was I'uniiibed in its adnlt state 
with branchiae, a swim-bladder, four lln-like limbs, and a long tail, 
all fitted for an aquatic life. 

As all the organic beings, eitinct and recent, wbicb have orer 
lived, can be arranged within a few great clasaes ; and as all within 
each class hare, according to onr theory, been connectiil together 
by fine gradations, the beat, and, if otir collections were nearly jer- 
fect, the only possible arrangement, would be genealogical ; descent 
being the hidden bond of connexion which naturalists have been 
seeking under the lerm of the NatursJ System. On this view we 
con undomtand huw it is that, in the eyes of most naturalists, the 
atructore of the embryo is even morj imporiant for class-ficntiun 
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than that of the adulL In two or more groupt of auinuds, hamnt 
much the; may differ from each other in Btmcture and hatnts in 
their adult conditino, if thej \am through closely aimilir embi^uiuc 
sugei, we may fee] assured that they all are descended from une 
parent-form, and are therefore cloBely related. Thus, oommuoiij 
in embryonio structure reveals commanity of descent; but dlssi- 
mtlarity in embryonic development does not prove dlscommojuly nf 
descent, for in one of two gioiipB the developmentnl stages cf 
have been suppressed, or may have been so greatly nsdified ttmngh 
adaptation lo new habits of life, as to be do longer recognisible. 
Even in groups, in which the adults have been niodiGed to tn «■ 
treme degree, community of origin is often revealed by the stractore 
of the larviB ; we have seen, for insiance, that cirtipedes, ihtrash 



«itemally so like sholl-Gsb, bi 
belong to the great clasa of 
shows us more or leu |Jitinly the 
suciunt progenitor of the group, we can 
forma so often resemble in their adult 
species of the 



3 inown by Iheir larvBlo 
Ab the embryo ol^ 
-e of the less modified isA 
e why ancient and eitiuct 
ite the embryos of exiiting 
« class. Agassiz believes this to be a univeml 
we may hope hereafter to see the law proved tnA 
It can, however, be proved true only in those CBses in which the 
uncient state of the progenitor of the group haa not bven wholly 
obliterated, either by auctessive variations having supammed at » 
very early period of growth, or by such variations having been lnht- 
rited at an earlier age than that at which they first nppeared. It 
ahould also be borne in mind, that the law may be true, but kn- 
owing to the geological record not extending far enough back iu 
time, may remain for a long period, or for ever, incapable of iaaoa- 
atrotion. The bw will not strictly hold good in those caas ia 
which an anciunt form became adapted in it^ larval state to MM 
special line of life, and transmitted the same larval eiale to a vbole 
group of descendants; for such larvn will not resemble any itiU 
more ancient form iu its adult etate. 

Thns, as it seems to me, the leading bets in embryology, whict 
ore second to none in importance, are explained on the pricciplo of 
variations iu the many descendants from some one ancient proge- 
nitor, having appeared at a not very enrly period of life, and harins; 
been inherited at a corresponding period. Embryology rises ptatl)' 
in interest, when wa look at the embryo as a picture, more or l«« 
obscured, of the progenitor, either in its adult or larval state, of ^ 
the memben of the same sroat class. 
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Sudimentary, Atrophied, and Aborted Organi. 

Organs or parts ia thia strange condjtioii, bearing the plain lUuip 
of iDUtllity, are extremely common, or even general, througboQi 
naturo. It would be impossible to name one of the higher animals 
in which lomo part or other is cot in a rudimentary condition. In 
the mammalia, lor iiistancc, the males possess nidimeolAry mammi ; 
iu snokus one lobe of the lungs is rudimentu]'; in birds Uie 
"be«>jini-wing" may safely bo coniidorod u ft radimentarjr dipt, 
and in some species the whole Ring is so lar mdimcDtary thni it 
cannot be used for flight. What can be more curious than the 
]irtftcDce of t*eth in foeial whales, which wlien (jrown up have not a 
tiwth in their heads ; or the teeth, which neror cut through the 
^ums, in the upper jaws of unborn calves? 

Rudimcfutary organs plainly dMlarc their origin and meaning in 
vnrioua ways. Theni are beetles belonging to closely allied sjiecies, 
or even to t)io same identical species, which have either ftill-siud 
iind perfect wings, or mere rudiments of membrane, which nut 
ran-ly lie under wing-oovcrs firmly soldered together; and in these 
dues it is imposBible to doubt, that the mdimenls represent wtngs. 
liudini^ntary organs sometimes retAin their potentiality : this oc- 
cjisionolly occurs with the monuue of male mainmali, tThiob have 
been known to become well developed and to secrete milk, t^o 
again in the udders in the genus Bos, there are normally four deve- 
loped snd two rudimentary leats ; but the Intler iu our domestic 
oows Bumetimes become well developed and yield milk. In rcgsrd 
to plants the petob are sometimes rudimentary, and sometimts well- 
developed in the individuals of the same specica. In certain plants 
having leparaied sexes Kdlicuter fuutid that by crossing a species, in 
which the male Sowers included a rudiment of a pistil, with nn 
hermaphrodite species, having of course a well-developed pistil, the 
rudiment in the hybrid offspring was much increased in size ; and 
thill clearly shows that the nidimeDtary and perfect pistils arc es- 
sentially alike in nature. An animal may peeaew varions parts in 
a perfect state, and yet they may in one sense be rudimentary, for 
they are useless : thus the tadpole of the common Salamander or 
Water-newt, as Mr, G. 11. Lewes remarks, "has gills, and passeu 
" its existence in the water; but the Salamondn atra, which lives 
" high up among the mountains, brin^ forth its young fnll-rormed. 
" This animal never lives iu the water. Yet if vre open a gravid 
" female, we find tadpoles iuude her with eiquisilcly feathered 
" gitla 1 and when placed in water they swim sbotit like the lad- 
** julea of the water-newt. Obviously this aquatic organ i«lton has 




" Du reference to the future life of the nuiniat, nor liu it iay bic^iL 
" tation to ila embryonic condilioa ; it has solely reffTenoe -u 
" Bnceitral wlBptatiooB, it repeats a phoao in the development of ja 
" progenitor*." 

An or^n, Berring for two purposes, may become rudlmetilarrur 
niierly aborietl for ooe, even the more important porpose, and nam 
perfectly eCGcicnt for the other. Thus in ploata, the office of Utt 
piiLil j« to allow the pollen-tubes to rtach the ovnles within tk 
ovarium. The pistil onsiats of a sLigmB supported on a style; bal 
iu some Contpositoi, the male florets, which of course cannot te 
fecundated, hnvv a rudimentary pistiU for it is not crowned witl) .1 
stigma; but the style remainB well developed Dud is clotJied iu ()it 
usual manner with hairs, which serve to brush the pollen outof Uie 
aurrouuding and conjoined anthers. Again, an org^n may bpcunw 
rudimentary fur its proper purpose, and be used for « dieliiicl 
one; in curtain fishea the Bwim-bladder seems to be nidtnicatiiT 
for its proper function of giving buoyancy, but has bccoms aiO' 
verti-d into a nascent breathing organ or lung. Many similu In^ 
stances could be given. 

Useful organs, however little ihoy may be developed, nnlew" 
have reason to suppose that they were (ormcrly more highly dsve- 
lo[iod, ought not to be conaidered as rndimeataiy. Theynnyt" 
in a nascent condition, and in progress towards further derelop- 
meut. Budimentary organs, on the other hand, are either qnilew- 
lesii, such as teeth which never out throogh the gums, or slmoft 
useless, such as the wings of an ostrich, which serve mei«Iy " 
Bails. As organs in this condition would fonncrly, when still If* 
develo];<ed, have been of even less use than at present, tbey cannot 
formerly have been produced through variation and natural selcctioOi 
which acts solely by the presorvaiion of useful modifications. They 
have been partially retained by the power of inheritance, and re- 
late to a former state of things. It is, however, often ditficult to 
distinguish between rudimentary and nascent organs; for we at 
Judge only by analogy whether a part is capable of further deve- 
lopment, in which case alone it deserves to bo called nvccnt. 
Organs in this condition will always be somewhat rare; forbein? 
tbuB provided niO commonly liave been supplanted by their snc- 
oessitia with the same organ in a more jierfcct state, and conw 
({Ueutly will have become long ago extinct. The wing of tbc 
penguin is of high service, acting as a fin ; it may, tberelotc 
represent the nnsceut state of the wing : not that I believe ibia I" 
be the case ; It is raore probably a reduced organ, modified fur a nw 
function ; tlis wing of the Apteryi, on the other hand, is quiie 
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dflelesa, and is truly rudimentary. Owen considers the simple fila- 
mentary limbs of the Lepidosiren as the '* beginnings of organs 
which attain full functional development in higher vertebrates ; " 
bat, according to the view lately advocated by Dr. GUnther, they 
are probably remnants, consisting of the persistent axis of a fin, 
with the lateral rays or branches aborted. The mammary glands of 
the Omithorhynchus may be considered, in comparison with the 
adders of a cow, as in a nascent condition. The ovigerous frena of 
certain cirripedes, which have ceased to give attachment to the 
ova and are feebly developed, are nascent branchiae. 

Badimentary organs in the individuals of the same species are 
Tery liable to vary in the degree of their development and in other 
respects. In closely allied species, also, the extent to which the 
same organ has been reduced occasionally differs much. This latter 
fisct is well exemplified in the state of the wings of female moths 
belonging to the same family. Rudimentary organs may be utterly 
aborted ; and this implies, that in certain animals or plants, parts 
are entirely absent which analogy would lead us to expect to find in 
them, and which are occasionally found in monstrous individuals. 
Thns in most of the Scrophulariaceas the fifth stamen is utterly 
aborted ; yet we may conclude that a fifth stamen once existed, for 
a radiment of it is found in many species of the family, and this 
rudiment occasionally becomes perfectly developed, as may some- 
times be seen in the common snap-dragon. In tracing the homo^ 
logics of any part in different members of the same class, nothing 
is more common, or, in order fully to understand the relations of 
the parts, more useful than the discovery of rudiments. This is well 
shown in the drawings given by Owen of the leg-bones of the horse, 
ox, and rhinoceros. 

It is an important fact that rudimentary organs, such as teeth in 
the upper jaws of whales and ruminants, can often be detected 
in the embryo, but afterwards wholly disappear. It is also, I 
believe, a universal rule, that a rudimentary part \s of greater size 
in the embryo relatively to the adjoining parts, than in the adult ; 
so that the organ at this early age is less rudimentary, or even 
cannot be said to be in any degree rudimentary. Hence rudimen- 
tary organs in the adult are often said to have retained their 
embryonic condition. 

I have now given the leading facts with respect to rudimentary 
organs. In reflecting on them, every one must be struck with 
astonishment; for the same reasoning {)Ower which tells us that 
moet parts iemd organs are exquisitely tidapted for certain purposes, 
tellii as with equal plainness that these rudimeutary or atrophied 
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oi^ns are imperfect and UBelesa. In work-; - 

rmlimanlaiy organs are generally said to Ija 
the Bake of symmetry," or in order "to cuh , 
nature." But this is not an explanstioc. uieii:i_v a n^Ma'-i-iuta; u 
the fact Nor ib it contisteut with itseU: thus ibe ti f w r n m irirtir 
boB rudiments of hbd-limbs and of a pelvis, and if it be nU dM 
these bonoB have been retained " to complete the schemfl of naOn^' 
why, as Professor Weismaan saka, have thcj cot been rataiaed tf 
other snakes, which do not posaesa even a veetjge nf thfiw mm 
bones? What would be thought of an astronomer who mainWi 
that the salellilea revolve in elliptic courses round tbeir pbn 
" for the Bake of symmetry," becauEe the planets tbna nn 
round the sun ? An eminent phyaiologiat accounts for the preM 
of rudimentary organs, by supposing that they serve to taa 
matter in excess, or matter injurioas to the system ; bat eu 
suppose that the minute papilla, which often represents the jsitB 
male flowers, and which is formed of mere cellular tissne, on tl 
act ? Can we suppose that rudimentary teeth, which are coli^ 
Hiiently absorbed, are beneficial to the rapidly growing erato; 
oalf by removing mslt«r K precicius as phosphftte of lima ? Win 
a man's fingers have been amputated, imperfect nails hare b 
known to appear on the stutnpe, and I cc'.ld as soon believe IhU 
these vestiges of nails are developed In order to excrete hcnt 
mntier, as that the rudimentary nails on the On of the mansM 
have been devBlopcd for tbia same purpose. 

On the view of desceut with modification, the origin of mdimen- 
tary o^ana is comparatively simple; and we can UDderetand to s 
large eilent the laws governing their imi^rfect development. Wc 
have plenty of cams of rtidiraentary organs in our domestic pp- 
ductiona, — as the stump of a tail in tailless breeds, — tbo vestige Ot 
an ear in earless breeds of slieep, — the rcapjicanmce of minclr 
dangting boms in hornless breeds of cattle, more esp«;ialK, 
according to Yoiiatt, in youug animals, — and the stnto of thn 
whole flower in the cauliflower. We often see radimcnts cf 
various parts in monsters i but I doubt whether any of these 
cases throw lit;ht on the origin of mdimentary organs in a stats 
of nature, further than by showing that mdimentB can be 
produced ; for the balance of evidence clearly indicate* tM 
species under nature do not undergo great and abrupt chaogea. Bqt 
we learu from the study of our dom«(tB"^pToducticins that tte 
disuse of parts leads to their reduced Jn^ an^>that the ramU i* 
^ Inbetiteii. fiS ^j,l IS 

I It appears probable that disuse ba^ ^ffl^ As nude asent b 
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rendering orgaOB rudimeDtary. It woold at firet lead by slow 
to tbe more and more complete roduction of ■ pan, until tt 1 
becime rudimetitary, — m in the case of tbe eyes cf animalt in* 
habiliog dark caverns, and of the wings of birda inhabiting oeeanio 
JBlandi, nhich have seldom been forced by bcMta of prey to take 
tligbt, and have ultimately lost tbe power of flying. Again, an 
organ, useful under certain condition!, might become injorions under 
ethers, aa with tlie wings of beetloa living on aniall aiul expuaed 
islands ; and in this case natural ulcction will have aided in r»- 
ducing the organ, nnlil it whb rendered harmlea* and rudimentary. 

Any change in structure and function, which can be effected by 
aiiuli stages, is within tbe power of uatuml selection ; so that an 
organ rendered, tbrouj^b changed habits of life, vwiess or injurious 
for one purpose, might be modified and used for another purpose, 
Au organ might, also, be retained for one alone of its fcTner 
functions. Organs, originally formed by the aid of natural selec- 
tion, when rendered useless may well bo variable, fur their van- 
fttiona con no longer be checked by Datur&l eeleclion. All Ihii 
agrees well with what we see under nature. Moreover, at whatever 
period of life cither disuse or selection reducee an or^iau, and this 
will generally be when the being has come to maturity and ha* 
to exert its full powers of action, the principle of inheritance at 
corrraponding ages will tend to reproduce the organ in its r«duc«d 
stale at tbe same mature age, but will seldom affect it in the 
embiyo. Thus we can undcratand the greater ate of nidimentary 
organs in the embryo relatively to tbe adjoining parta, and their 
lesser relative size in tbe adulL If, for instance, the digit of 
an adult animal was used less and less during muiy generatioiM, 
owiog to some change of habits, or if an organ or gland was less 
and less fuoetionally eiercised, we may infer that it would become 
reiluced in sIeb in the adult dcscendnnts of this animal, but would 
retain nearly its original standard of development in the embi^o. 

There remains, however, this difficulty. After an organ has 
ceased being used, and has become in consequence much rednoed, 
how can it ba still further reduced in size until the merest ve«tigt 
is left ; and how can it be gnally quite obliterated? It is scarcely 
possible that disuse can go on producing any fortber effect after 
the or^u has once been rendered functionlesa. Some additional 
uplacialion is here requisite which I cannot give. 1^ for iit- 
Etance, it could be proved that every part of tbe organisation tends 
to vary in a greater degree lownrds diminutioii than towards aug- 
mentation of size, then ws should be able to imderstand how an organ 
which has becoma usclwa would be rendered, independently of the 
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effects of diinge, radimenUj; sad would at last be wbdl; mf 
pressed ; toi the rarifttionfi towardi dlmmished sisa would oo iafi 
be checked b; oatural selecdoD. The priociple of the Mmn 
of growth, ezplomed in a fcinner chapter, by which the imlbbi 
Ibrmin^ ao; pitrl, if not uset'al to the posseasor, are M*ed titea 
is possible, will perhaps come into pla; in reodeiing a naelos pn 
nidimuolary. But this principle will (ttmoBt neoccavilj ta nc- 
fiued Ui iha earlier stages of the process of redaction ; for we eumc; 
BQpposc that a minute itapilla, for instance, representing in a utt 
flower the pisiil of tbs female fiewei, and fonn^ merelj of oUolv 
tissue, could be further reduced or absorbed for the uke of mc»- 



Fiually, as rudimentary organs, by whatever ste])8 the^ eb; 
hare been degraded into their present useless conditiiin, an ik 
record of a former stute of thin^, and hare been i«t*ined m^ 
throuj^h the power of inhcritatice,^we can Duderataiid, os ik 
gcuailogical view of classification, how it ia that systematuts. 3 
placiug organisms in their proper plac<» in the natural system, hm 
uft«u found ruiliinentary parts as useful as, or even Gumetime* ma 
iiselul than, parte of high physiulogical importftuce. Badimaiii^ 
utgous may be compared with the letters in a word, atill leuini 
in the spelling, hut become usoloss in the pronunciation, but w^ 
serve as a clue for its derivation. On the view of deaceal vXk 
modificatioD, we may conclude that the existence of ocxaot is • 
rudimeutitry, imperfect, and useless couditioo, or quite abottalifa 
from presenting a strange difficulty, as they assuredly do oa tliaiM 
doctTine of creation, might even have beeuantici|>atedinaocc»diai 
with the views here eiplainiMl. 

Summary. 
Id this chapter I have attempted to show, that the nrrangnitf' 
of all organic beings throughout all time in groups under gnaft- 
tliat the nature of the relationships by which all liviog and axtivi 
organisms are uuilcd by complei, radiating, and oircnitona linea y 
afl\iiitieB into a few graod classes, — the rules followed and lU 
difiicultius encountered by naturalists in their claBaificationi,' 
the value set itpon characters, if constant and prevalent, whettv 
af high or of the most trifling importance, or, as with ruilimientMT 
orpaas, of no importance,— the wide opposition in value betin« 
analogical or adaptive characters, and characters of true affinity, 
and other such rules ;— all nalurally follow if we admit the 
parentage of allied forms, together with their modification 
variati-jn and natural selection, with the contin»eucies of ezIinctaB 
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•nd divergenco of cbxracter. In connldcring tlils vi«w of ctauilica- 
tiou, it should be bome in miail tbu tUu elumctit of d(.«cc&t hiui 
beeo aaiverBallf used in ranking (ogFtber the texes, tgfs, diniorplili: 
forms, and acbnowtedged varieties of the same specii't, however 
much they may differ Iroin eocb other in sinicture. If we extend 
the UEe of ehU element of desoeot, — the one cortaioly known cause 
of similarity in organic beingB,~«e iliall midenitand what la meart 
bj the Natural System: it Is genexto'^-ic&l iu its attempted arranse- 
ment, wilb the grades of acquired difference marked b; the tenue, 
Tarieties, species, genera, families, orders, and clnases. 

On this same view of descent with modification, most of the 
great facts in Morphology become inielligible, — whether we Iw.-k 
to the same [Atiem displayed by the different species of the same 
class in their bomolugous organs, to wUati'ver pnrpoae applied ; 
or to the serial aiid lalvnJ humologica in encb individual animal 
and ptaut. 

On tlie principle of successive alisht rariations, not necessarily 
or generally mipcnreDinj: u t veiy early periud of lile, vtd being 
inherited at a ooneapouding period, we can understand Ibe leading 
facts in Embryology ; namely, the close roscmbUnce in the inili- 
viduat embryo of tiie pails which aie homoIo^uB, and which when 
matured become widely diEferenl in atriictiire and fnnctioD ; and 
the reMEublance of the homologous ports or or,;aDS in allii-d though 
distinct s]>eciea, thoti^h filled in the adult slate for habits as 
different as is possible. Larvie are active embryos, which have 
been specially modified iu a greater or leca degree in relation to thcii 
habits of lile, with their modifications inherited at a oorreapond- 
ing early a^. On these snme principles, — and bearing in miud, 
that when organs are reduced iu mzo, either from disuse or through 
natural selection, it will generully be at tliat pi^riod of life when 
tjie thing has to provide for its own wants, aud bearing in mind 
how suuug is tlie force of inheritance — the ocourreuco of rudl- 
menlary organs mi^hl eten have been anticipattd. The im- 
parlance of enibryulogical characters and c^f riidimetitnry organs 
til 01*18x111 cat ioD is intelligible, on the view tliat a natural arran;;!^ 
mont must be genealogical 

Fiimlly, the sewral classes of facts which have been ounndered 
in this chapter, seem to me to proclaim so plainly, thiit the innu- 
merable species, genera and familieo, with which this world is 
peopled, are all deecendei), each within its own oioss or group, (mm 
eommou parents, and have all been modified in the course of descent, 
that 1 should wKhuut hesiialion adopt this view, eveu if it were 
unsupported bg other facta or arguments 
L 2 D 2 




EUeaj'iraUttoD of the objictioiu to ths theorj oT Nuunl 

IteoipltnUtioii of th« geoeml anil ipecial drcumstuiaa u, 

— Cnnnes of the geper»I belief Id the immutability of tpsda — Brt 
fur tU theorrof Nmurnl Seleclion mav be eitcnded — EUteUtt M 
idDptioB on the aludr of Nntond HUlorj — Concladiur renurts. 

As this wliolo volume is one long arj;uinent, it may be oon*auail 
to the reader U) have the lesding facts and infereDCM brie97» 
capitulated. 

UTiat many and aerioua objectiona may be advanced asaimt tit 
theory of (iesoent with modificntion through Tariation and aatoal 
BsleotioD, I do not deny. I have ondeavoared to give to tiem thot 
full force. Nothing at Brat can appear more difficnlt to believe ihti 
that the mora complex organs and inatincta have been pcrieBoL 
not by meanB Buperior to, thoi^h analogoua with, faimiMi rwwi. 
but by the accumulation of iunutnerable alight varifttiona, oaob ecnJ 
for the individiitt! possessor. Nevertheless, thia diffictilty, thmoi 
appearing to our iaia;^nition insuporably great, caim«t W e«- 
sidered real if we admit the following propositions, luinely, lli*l 
all parts of the organisation and inatinota offer, at least, iudiridtal 
diOerences — that ibero is a struggle for eristence leadinc to ik 
preservation of profitable deviations of slructnre or tnatincl— «i^ 
lastly, that [jnidations in the etate of perfection of each organ mj 
have eiifltcd, each good of Its kind. The truth of these pirDpo«it><M 
cannot, I think, be disputed. 

It ia, :io doubt, extremely difficult even to conjecture by vhi: 
gradEliona numy structures have been perfected, niore eepeciallT 
amongst broken and failing groups of organic beings, which h«<t 
suffered much extinction; but we see so many strange gradatkta 
in nature, that we ought to be extremely cautions in aaying thai 
any organ or instinct, or any whole stmctnre, could not haw 
arrived at its present state by many tiradoated steps. There m 
it must be admitted, cases of apecial difficulty oppoaed to 0» 
theory of Datura! selection ; and one of the 
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u the exiaUuce in the tame communitj of two or throe defined 
eutea of workers or st«rilo female ants ; bnt I have attempted 
to Bho^f bow these diFGcultiea can be nuut^red. 

With mpect to the almott imivenal atcrilitj of ipccies when 
fint dioseed, which fomu eo remarkable a contrast with the almost 
tinivenal fertility of varieties when crosaed, I must refer the reader 
to the recapitulation of the facta given at the end of the ninth 
chapter, which seem to me DDOcloaively lo show that thia sterility 
U DO more a special endowment than is the incapacity of two 
distinct kindj of trees to be giAlted together; hut that it ii 
incidental on differencos confined to the reproductive systems of 
the intercrossed apecira. We see the trnth of this conclniion in 
the vast diSerence in the results of crossing the same two specleR 
reciprocally, — that is, when one species is first used as the father 
and then as the mother. Analogy from the cooaidetation of 
dimorphic and trimorphio plants clearly leads to the same ooii- 
elusion, for when the forms are illegitimately united, they yield 
few or QD leed, ud their offspring aru mora or loe glerile ; and 
theM forms b«long to the same imdoubted species, and diSer from 
(•oh other in no respect except in their reproductive organe and 
fonctiona. 

Although the fertility of varieties when iiitercrosscd and of their 
mongrel offspring has been asserted by so many authors lo he 
univeraal, this cannot be considerod as qnite correct after the (acta 
given on the high authority of Giulner and Riilreuter. Host of 
the varieties which have been experimonloil on have been pro- 
duced undi^r domestication; and as domestication (1 do not mean 
more confinement) almost certainly tends to eliminate that sterility 
which, Judging from analogy, would have affected the parent-species 
if intercroBsed, we ought nut to expect that domeatication wonid 
likewise induce sterility in their modified descendants when crossed. 
This sliminatian of sterility apparently follows from the same 
cause which allowa our domeatie animals to breed freely under 
diversified circnm stances ; and this again apparently follows (lOiti 
their having been giadually aocnstomed lo frequent changes in 
their conditions of life. 

A doubls and t«rallel series of fads seems lo throw much light 
on the sterility of species, when first crosjod, and of their hybrid 
oSipriug. On the one aide, there Is good reason to believe that 
■light changes in theconditians of life give vigour and fertility to all 
CCganic beings. We know also thst a crwa between the distinct 
individuals of the same variety, and between diatiuct varieties, 
II the Dumber of their oSqnng, and certainly givea la then 
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incnwed siie and vigour. This ih chiefly owing td> ttw finn 
ut crowed having been cipoecd to st>[newhat diServM 
of life; Tot J have ascertaiDod hy a kborioua series of 
that if all the iadividiiaU of the same variety be snbjeoled 
several generations to the same comiitiong, tile good detmd Im 
crossing is often much liiminiEhed or wfauiij disappean. Tin ■ 
uoe Bide of Che case. On the other side, wo knoir ^^^^ fo* 
which have long b»'n exioaed to nearly nntform cotiditiai^ ■hi 
they are sabjected iinder confinement to new aiid gnsUy cittB§i 
KMiditioni, either periah, or if tliey survive, are rendered ttali, 
thcn^gh rctainint: perfect health. This does not occor, <w onlyial 
viry slight degree, with our domesticated j -rod uct ions, which lw» 
long been exposed to fluctuating conditiona. Hci]ce, whoi «« U 
that hybrids priwluccd by a cross between two <IistiDct aprciel M 
few in number, owing to their perisliiug soon after conceptioB * 
at a very earlj- age, or if surviving that they are rendered iHt 
or less sterile, it seems highly prohahle that this n»ult i* dwii 
their having V>cen in fact subjec'ed lo a grtat chniige in ti)A 
conditions of life, from being compounded of two diatiiict argute- 
tions. He who will e:ip1aib in a definite tnanner u'hv, for jn tf". 
an eii.'pbant or a fox wili not breed under confineni'-nt in it* na^n 
coimtry, whilst the domestic pig or i!c^ will brood freely nndtf tk 
most diversified conditions, will at the snnie time be able t" dv« • 
definite answer to the questioo why two distinct species, wlita 
crossed, as well as their hybrid ofTsprins, arc generally rendnMi 
more or less sterile, whilst two domesticnted varieties when crm^ 
and their mongrel offspring are perfectly fertile. 

Turning to geographical distribution, the difficnltiee enoormtaet 
on the theory of descent with modiScfttioQ are eerioas enuutb. 
All the individuals of the same species, and nl] the species uT lb* 
same genus, or even higher group, are descended from commoB 
psronts ; and therefore, in however distant and isolated parts ■;{ lb* 
world they may now be foand, they must in the course of succrmirt 
generations have travelled from some one [loi^t to all the othrta. 
We are often wholly unable even to conjecture how this conU 
have been eCTcctcd. Yet, as we have reason lo believe that 
apedes have retained the same epeoiSc form for very 
of time, immensely long as measured hy years, too 
ought not to be laid on the occasional wide diffi 
Bi«cieBi (or during very long periods there will alway 
a good chance for wide migration by many meana. 
or interrupted range may often be acoounied for by t 
of the species in the intermediate regions. It en 
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thu, B'O ire u yet ver^ ignorant as to the full client of tbe raruiiiii 
elimatftl knd geograpbicsl cluagcs which hnve aOected the cnrih 
daring mixlem porioils ; and suoh changes will often have (acilitatal 
migmUon. As an example, 1 bare altemptod to show how potent 
hu been ihe inHueoce uf the Glacial period on the distnbuUon ft 
the name and of alliud species throughuot the worlii. We are na 
fet profoundly ignorant of the many occasioDal means of trans- 
loit, With reopect to didtinct epecios of the same genus iiihs- 
biting distant and isolated reruns, as the process of mudificatti'ii 
has newiu&hly been slow, all the mi-ana of migration will bai*e 
been poshible during a. very Ions period ; and coose'ioently vho 
diflicuUy uf the wide diffusion of the spocios of the same geoi'S 
is in some degree lesAened. 

As according in the tlH«ry of natural selection an interminablB 
nunhiir of intermediato forms mast ba*e existed, linking Ingcthct 
all tbe specie* in each group by gradations u fine as are oi:r 
existing varieties, it may be asked. Why do we not see these 
linliiDg rormB all iraund iib? Why an not &I1 oi^&DJe beinci 
bleoded ti^tber in an inextrirable chaoe ? With respect to 
existing fonns, we sboaid reniember that we have do right to ex- 
pect (excepting in rare cases) to discover diredlg connecting links 
between them, but only between each and some extinct aud sup- 
ptanted form. Even on a wide area, which has daring a long 
period remained continuous, and of which ihe elimalic and otlier 
ojnditions of life chsngc insensibly in proceeding: from a dintrict 
occupied by one spi^cies into another dislricl occupied by a clwety 
allied species, we bnve no just right to expect olten [o find inter- 
mediate variolios in tbe intermediate xonos. For we have reason 
to believe that only a few species of a ^nns ever undergo chansfe; 
the othfi species becoming utterly extinct and leavin;; no modified 
progeny. Of the species which do chnnge, only a few within the 
«ame oonntry change st the same lime; and all roodifications 
are slowly effected. 1 have also shown that the intermediate 
varieties which probably at first existed m the fntcmiediate tones, 
would be liable to be sapplanted by ihe allied forms on either 
hand ; for the laltar, from existing in greater numbers, would 
generally be modified and improved at a quicker rnio than the 
intermediate varieties, which existed in lesser numljersj so thnt 
the intermediate varietie* would, in the long run, be suppliuited 
and QXtannioatM). 

n icfinilude of coti- 

t inbabilHots uf the 

1 batween tbe »tinct and mill 



40S itdcAFiTtrunoji. p:ur.n. 

older spociea, vb; ie not every gwdogicaj fbnnAtkm dunged nil 
such links? VIky does not over? colloctioa of fiMtil ttatim \ 
afford plain evidence of the gradation and mntatioD of tiu Ibrai 
ofLfe? Although geological research haa tiadoubtedlf nmU 
the former existenM of manjr links, bringiog nomeixnu San 
□f lifo much closer together, it doea not yield the infinitelj nmj 
fine gradations between put and present species tajnired OB At 
theory ; and this is the moot obvious of the many objection! wkU 
may be urged against it. Why, a<;ain, do whc^ gioops of lUU 
species appear, though this appearaocs is aflen folse, to hava €Qfll 
in suddenly on the succeasive geolojpcal stages? Altli.^«»h <m 
now know that organic beings appeared od this globe, at « foM 
incalculably remote, lot^ before the lowest bed of the Camttia 
syelem was deported, why do we not lind beacath tbi> ■;**■ 
great piles of strata stored with the remaius of the progemtcn 4 
the Cambriaa fouils? For on the theory, such stratA must wnn- 
where have been deposited at these ancient and utterly nnhiem 
epochs of the world's history. 

1 can Buswer these qucetions and objections only on tils Np- 
poaitioa that the geological record ia far more imperfect than mm 
geologists believe. The number of specimens in all our mBseoiM 
is absolutely as nothing compared with the conntless genentiau 
of countleea species which have certainly existed. The paml- 
form of any two or more species wonld not be in all its chancten 
directly intermediate between its modified offspring, any more than 
the rock-pigeon is directly intermediate in crop and tail betwon 
its descendants, the pouter and faniail pigeons. We ahoold IMI to 
able to recognise a species as the parent of another and tuodiSed 
species, if we were to examine the two ever so closely, onlew wt 
poeseseed most of the intermediate links; and owing to (he imps- 
fection of the geolt^cal record, wo have no just right to expad 
to find BO many linka If two or three, or even more linlring fonu 
were discovered, they would simply be ranked by many natnislist* 
as so many new Bpecics, more es|.iecially if found in diflercoit geo- 
logical aub^tagefl, let their difierencea be ever so alight. Nodhtois 
tusting doubtful forms oould be named which are probably varie- 
ties i but who will pretend that in future ages so many fossil linii 
will be discovered, that naturalists will be able to decide whether 
or not these doubtful forms ought to be called varieties? Only a 
small portion of the world has been geologically explored. Oulj 
organic beings of certain classes can be preserved in a fossil cot- 
dition, at least in any great number. Many spedea when once 
brmed never ludergo any fnrtbet change bat become extinct 
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without laftving modified descendants ; and tho period*, dnring 
which apecics have undergotia modiflcniion, though long as meti- 
rared b; years, have prol»bly been short in oompuuoD with the 
periods during which they retained the Bame form. It is the domi- 
nant and videly ranging species which t&tj most freqnentljr and 
Tuy most, and Tarietios ars often at first local — bath caiuea 
raudering tbe discovery o( inCcrTDediate [inks in any one fonnation 
1ms likely. Local varieties will not spiead into other and diitsot 
K^ODS until they are considBrably modified and ImpToved ; and 
when they have spread, and are discorered in a geological forma- 
tion, they appear as if suddenly created there, and n-ill b« simply 
classed as new species. Most formatioQa have been intermittent in 
their accuniulntion ; and their duration has piohabty been shorter 
than the average duration of specific forma. Saccessive formations 
•re in most cases separated from each other by blank intervals 
of time of great length; for foesiliferoiu fonnatiocs thick enough 
to resist future d^radation can as a general rule be accumulated 
only where mucb sediment is deposited oo tbe aubeidiog bed nf the 
Ha. During tlia alternate periods of elevation and of stationary 
lavel the record will gcneialty be blank. During these latter 
periods there will probably be more variability in the forms of life ; 
during periods of subsidence, more etcinction. 

With respect to tbe absence of strata rich in fossils beneath the 
Cambrian formation, I can recur only to the hypothesis given in 
the tenth chapter; namely, that though our cootinenu and oceans 
have endured for an enormous period in nearly their present relative 
positions, we have no reason to assume that this has always been 
the case ; coosequeutty foonations mach older than any now 
known may lie buried beneath the great oceana With rei<pect 
to the lapse of time not having been snfficient since onr planet 
was oansolidatod for tbe assumed amount of organic change, and 
this objection, as urged by Sir William Tbomiaon, is jirobably one 
of the gravest aa yet advanced, 1 can only say, firstly, that we do 
not know at what nto apecies change as measured by years, and 
lectradly, that many philcaophen are not as yet willing to admit 
that we know enough of the constitution of the universe and rif 
the interior of our globe to apeoubte with safety on its past diira- 

That the geological record is imperfect all will admit; but that 
it is imperfect to the degree required by our theory, few will be 
incliiied to admit. If we look to long enough intervals of tine, 
geology phiialy declorei that species have all changed ; and they 
have ohuigad in iha manner leqnired by the theory, for tbay have 
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clianged slowly and in a gradoated manner. We clearly see tbii 
in the fossil remains from consecutiye formations invariably being 
much more closely related to each other, than are the fossils from 
widely separated formations. 

Such is the sum of the several chief objections and difficulties 
which may be justly urged against the theory; and I have now 
briefly recapitulated the answers and explanations which, as far 
as I can see, may be given. 1 have felt these difficulties far t(X» 
heavily during many years to doubt their weight But it deserves 
especial notice that the more important objections relate to ques* 
tions on which we are confessedly ignorant ; nor do we know how 
ignorant we are. We do not know all the possible transitions! 
gradations between the simplest and the most perfect organs; it 
cannot be pretended that we know all the varied means of Distribo- 
tion during t)ie Ion? lafise of years, or tliat we know how imperfect 
IS the Geological Record. Serious as these several objections are, 
in my judgment they are by no means sufficient to overthrow the 
theory of descent with subsequent modification. 

Now let us turn to the other side of the argument. Under 
domestication we see much variability, caused, or at least excited, 
by changed conditions of life; but often in so obscure a manner, 
that we are tempted to consider the variations as spontaneous. 
Variability is governed by many complex laws, — by correlated 
growth, compensation, the increased use and dihuse of parts, sod 
the definite action of the surrounding conditions. There is much 
difficulty in ascertaining how largely our domestic productions 
have been modified ; but we may safely infer that the amount 
has been large, and that modifioations can be inherited for long 
periods. As long as the conditions of life remain the same, we 
have reason to believe that a modification, which has already been 
inherited for many generations, may continue to be inherited for an 
almost infinite number of generations. On the other hand, we have 
evidence that variability when it has once come into play, does not 
cease under domestication for a very long period ; nor do we know 
thai it ever ceases, for new varieties are still occasionally prodaoed 
by our oldest domesticated productions. 

Variability is not actually caused by man; he only uninten- 
tionally exposes organic beings to new conditions of life, and then 
nature acts on the organisation and causes it to vary. But man 
can and does select the variations given to him by nature, and thus 
accumulates them in any desired manner. He thus adapts animals 
ftnd plants for his own benefit or pleasure. He may do this 




[□ethodically, or he may do it iiDcunscioui^ly hy pnicrvin^ ihe 
individuals most aselid or |il(M8ici;{ to him without any iateDtion of 
altering the brood. It ie certain that ha can iar^ly inSacnce the 
charncter of a breed hj selecting, in fach BQcoeBBire gonemtion, 
individual differencea an atight as 1« be inapproctnbte excegit by an 
«liicAt«d eye. llils UDCaUBcioiiE proress of selGctiun baa bc«n the 
gitat agency in the formation of the most dininct ar>d useful 
domestic breeds. 1'hat many brveds produced by man have to a 
large extent the clinrnctor of natural spocies, ia shown by the 
inextricable donbts nhetber many of Uiem ore vuiati<.'s or abori^'i- 
ually distinct species. 

liters is do reason why the principles which have acted bd 
efficiently under domeiit test ion shouM not have acted tinder nature. 
Id tbe survival of favoured individwtla and races, during tho 
connlaiitly-rwiurrcnt Struggle for Eiistence, we see a powerful and 
evcr-nciing form of Selection. The struggle for existence inevitably 
follows from the bi'^h geometrical ratio of increase which is common 
tJ all or^anie beings. This hich raw of iaofc4s« i« fMVcd hy 
calculnlion, — by the rapid increase of many animala and plants 
during a succession of |iecnliar si-flsons, and when natnralisad in 
uew countries. More individunia nre bom tlinn can [iMEibly 
BUri'ivc. A grain in tbe balance may determine which individuals 
shall live aud uhich shall die, — which variety or Kpecioa shall 
increase in number, and which simll docrcnse, or finally become 
extinct. As the individuals of the anne f:peci>a come in all 
respects into the cloevat competition with each other, the stmi^le 
will generally be must severe hetwceo them; it wilt be Blmo.-t 
equally severe between the varicliei of the same species, and next 
in severity between tbi- apecica of tbe same gecoa. I.)n the other 
hand the struggle will often be Hvere between beings remote in the 
Kale of nature. Tbe sligh test advatita'.'e in certain individuala, at 
any age or during any season, over those with which they oiime 
into competition, or bi'tter adajJlation in however alii;ht a decree to 
the surrounding physical conditions, will, in the long mn. tnm tbe 
balance. 

With animala having sojiaratod mxcs, there will be in mort oisre 
a struggle b^tueeu tlie males for the possession of the roniates. 
The most vigorous males, or tho^w which have nicst miocuuirully 
struggled with their conitlions of life, will generally lea>'o most 
progeny. But success will often depend on the males having 
Kjiccial weapons, or means of defence, or charms; and a sli'iht 
advani^e will lead to viclofy. 

As geology plainly pnjcluini that each land has undergone great 
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pbysical cbaoges, we might bave eipected to find th&t oi^cic 
beings bave varied nnder nature, in tbe taise waj m ibef bate 
varied iindar dumeatication. And it there has bven any variability 
under citture, it would bo an unaccountabie fa«t if natural wlectiaii 
bad not curae into play. It has ofien been aaaerted. but ibe 
auertion is incaptible of proof, thit the Btnottnt of variation under 
DBtnrc is a etrictly limited qoantity. Mfui, though actiag on 
external characterH alone and often capriciously, can piodnce within 
a short period a great result by adding up mere individual diffoeDM* 
in his domestic prodocUone; and every one admits that qiecie* 
present individual difierencefl. But, besides such difierenixf^ ill 
naturaliets admit that nalural varieties exist, which are considend 
sufficiently distinct to be worthy of record in syBtematjo work*. 
No ODC has drawn any clear distinction between iodividnal diStr- 
eocos and slight varieties ; or between more plainly marked varitoei 
and sub-species, and species. On soparate coDlineots, and do 
difierent parts of the same continent when divided bj barrion li 
any kind, and on outlying islands, what a multitude of forms eiiM, 
which some experienced naturalists rank as varieties, othen u 
geographical races or snb-speciea, and olbers as distinct, thou;): 
closely allied species I 

If then, animals and plants do vary, let it be ever so alighClv o 
alowly, why ahould not variaLiooB or individual diOereaoei, which 
are in any way beneficial, bo preserved and accumulated thRiwi> 
natund selection, or tbc survival of the fittest? ir man can ty 
pfttience select variationa useful to him, why, under changing ud 
complex conditions of life, should not vanations nsefnl t« natan'* 
living prodncta often arise, and be preserved or selected? Wbii 
limit can be put to this power, acting during long agea and rigidlj 
scrutioiaing the whole constitution, structure, and halsts of esdi 
creature, — favouring the good and rejecting the had ! 1 can tee » 
limit to this power, in slowly and beautifully adapting each lano m 
the moat complex relations of life. The theory of natural Mlediiiii, 
even if wo leak no farther tban this seems to be in the bighcit 
degree probable. 1 have already recapitulated, as faiily as I could, 
the oppoeed difficulties and objections : now let ua turn to tti> 
spcdal facts and arguinen(« in favour of the theory. 

On the view that species are only sttoDgl}> marked aud p 
varieties, and that each species first existed as a variety, i 
aee why it is that no lino of demarcation can be drawn betwceti 
species, commonly supposed to have been produced by special acu 
t^ oreatioD, and varieties which are acknowledged to bare been 
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produced by tocoaiiiry laws. On this same v{ew ire c«o nnderaUitd 
bow it is tbftl in a r^ion where many speciM of a genas have been 
produced, and wbere tbey non floutteh, tbeM same species should 
preGSnt many varietiu; for where the manTifaclory of specie* baa 
b»cn active, we might expect, a» a general rule, to find it still iu 
■otioo ; and this is the case if varieties be incipient sptcics. More- 
orer, the species of the larger genen, which afford the grester 
number of varieties or incipient species, retain to a oerlain degre« 
the character of varieties ; for they differ from each other by a leu 
amoMct of diflercQce than do the species of smaller genera. The 
closely allied species also of the larger genera spparentlf bare n- 
stricled ranges, and in their afSnitics they are clustered in little gronpa 
round other species — in both respects resembling varieties, 'lliese 
are strati^^c relations on the view that each species was indepeudectiy 
created, but are intelligible if each existed first as a variety. 

As each species tends by its geometrical rate of rpproduction to 
increase inordinately in nnmbcr ; and as the modified descendants 
of oBch species will be enabled to incrtiase by as much u ibtj 
become more diversified in halnts and structure, so as to be able 
to seife on many and widely different places in the. economy of 
nature, tliere will bo a constant tendency in natural selection to 
preserve the moat divergent offrpring of any one species. Hence, 
during a long-continued course of modification, the slight differences 
characteristic of varieties of the same species, t«nd to be augmented 
into the greater diffeienoas cbaracterisdo of the special of the Hune 
genus. New and improved varieties will inevitably supplant and 
exterminate the older, less improved, and intermediate varieKes; 
and thus species are rendered to a large eit4:nt defined and 
distinct olijects. Dominant species bdonging to the larger 
groups nitiiiu each ctess tend to give birtb to new and domi- 
nant forms 1 so that esch hu^ group tends to become still 
larger, and nt ihe same lime more divergent in character. But as 
■U groups cannot thus go on increasing in nte, for the world would 
not hold them, the more dominant groups beat the less dominant. 
This tendency in the large groups to go on incrensing iu siza and 
diverging in character, tt^ther willi the inevitable oontingeocy of 
much estinotioo, explains the arrangement of all the forms of life 
in groups subordinnle to groups, all witbiu a few great classes, 
whicli has prevailed lhrauj;hont all time. Tliis grand fact of the 
grouping of all organic beings under what is called tlio Natural 
Byitom, is Utterly inexplicable on the 'JiGory of cnstiun. 

As natural selection acts solely hy accumulating slight, successive, 
fnrODnible nviatious, it nan produce do great or sudden modifies- 
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tiona ; it can act oolf by shortaad slow slepsL Hence the wkiH dI 
" Natiira ntu fucjt aaltum," whicU every (reeh additioa lo our 
knowledge tends to cunGrm, is on tbU theory intelligible. Wo cu 
tee whv Uirnugbout uuiure the aaioe genenl eud is gtuned faf in 
almost iDfinitu diversity of meaos, for ev^ry peculiarity wbeo once 
acquired is Iodk inherited, aud structures already modified in many 
diQereiit ways have to be adapted for the same g«<Qenil purpoaci W( 
can, in sliort, see uby nature is prodigal Id roriety, ibnugh u^^ 
ia innovatiuu. Uut why this should be a law of nature if okIi 
spDcics bas born iude]>cudoDtly created, no raau can explain. 

Many other facts an.', as it seeroa to me, explicable on tbislheory. 
How strange it is tbAt a bird, under the liirm of a woodpecker, 
should prey on insects on the ground ; that upbud gecte whicii 
rarely or never swim, should possess webbed feel ; that a tbnisk- 
like bird should dive and feed on sub-a(|iiatic insects; and thati 
petrel should have the habits and structure litting it for tlio lift ui 
ou nult ! aud so in endless other cnaes. Dut on the view of eiA 
sjiecius constantly trying to increase in number, witli usiaril 
■otcction always ready to adapt the slowly varying dcsceudauti nf 
each tu any uuocoiipied or ill-occupied place in nature, these facU 
cease to be strange, or mik^ht even have been anticipated. 

We can to a ceitun extent nnderstand how it is that then is 
so much beauty tbroughuut nature ; for this may be lar^ly Stln- 
buted to the i^oncy of selection. That beauty, according to eiu 
sense of it, ia not uuiversal, must be admitted by every on« who 
will look at some venomous snakes, at some fishes, and at ceruis 
hidcQiui bats with a distorted resemblanoe to the human Ibk 
Sexual aelsctioD bos given the mast brilliant colours, elegut 
patterns, and oihor ui-nniiienls to the tnali-s, and cometimK U 
both sexes of niauy birds, butterflies, and other animals. Witb 
birds it bos often rendered tiie voice of the male musical to lli> 
female, as well as to our ears. Flowers and fruit have b«u 
rendered conspicuous by briMmt colours in contrast with the gnoi 
foliage, in order that the flowers may be eneily Been, viaied. »'' 
fertilised by insects, and the seeds disscmiualed by birds. BoW il 
oomes that certain colours, sounds, and forms should give pliasur" 
to man and the loner animals,— that is, liow the sense of besut.^ 
is its simplest form was first acquired, — we do not kno" w)' 
more than how certain odours and flavours were 6rsi rcmle'o' 
BgreeabLe. 

As naluml selection acts by com]ietition, it adapts oi 
ths inhabitants of each country only in relation tc 
iuhabitaats ; so that we need fee! no surprise at 
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countrj, although on the ordicary view suppoiod to have nt*] 

,l«d &ai] ajwcially odBpled for ihat country, being beaten bdiI 

Ipplantel bj the naluniliiwd jiroductiona from anuiher land. Nor 

;ht wa to nurrel if all Uie contrivaDcea in nature be cot, as for 

L judi;e, absoluttly [lerfcct, aa in the caw even of the 

e ; ur if sume of them be abhoirenl to our idu-os of 

\'e need not nuurel at the t-ling of the bee, when used 

1 enemy, causing the bee'a own death; at dronea bein;; 

.need in such great numbers for one single act, and being then 

ughtcred by their sterile siatcra; at the astonishing waste of 

lien by our fir-trees; at the initiuciivo hatred of the queen-bee 

her own fertile daughters ; at ichmrumouidie feeding within Ihe 

UTing bodies of calerpillars ; or at othur such cases. TIjb wondeT 

indeed is, on the theory of oalural selection, that more coses of the 

want of absolute perfectiun have not been detected. 

The comples and little known laws governing iho production 
of varieties are the same, as far as we cnn judge, with the laws 
which have governed the production of dielinct epecics. In both 
cases physical conditiooa seem to have produced some dirict 
and dchnitt) etfect, but bow much we cannot sny. Thus, when 
varieties enter any new station, they occasionally assume sonie of 
the characteiB proper to the species of that station. With both 
varieties and species, use and dia*ue seem to have produced a 
considerable effect; for it is in]]«ssible to resist this conclusion 
when we look, for iiutauce, at the Io;q[er-beadod duck, which hu 
wings incapable of flight, in nearly the same condition as in the 
domestic duck ; or when we look at the burrowing tucu-tncu, which 
is occasionally blind, and then at certain moles, which are habitually 
blind and have their eyes covered with akin ; or when we look 
at the blind animals iubabiting the dark cnvea of America and 
Europe. With varieties and species, correlated variation seeois to 
have played an important part, so that wheu one jiart has becm 
modilied other ports have been necessarily modiGed. With >ioth 
varieties and species, reversions to long-lost characters occasionally 
oceuT. How inexplicable on the theory of creation is the cccotional 
Rppuatanu' of stripes on the shoulders and legs of the wvcral specica 
of the horse-genus and of their hybrids I How simjilr is this fact 
explained if wo believe that these species are all desccuded &um a 
strijied pro)[euitor, in the same manner as tlje several domealio 
brcedfl of the pigeon ate deacenUud I'rum the blue and bom-d rock- 
^guin! 

On the ordinary view of each species oaving been inde{icnJ«Dtlj 
oreated, why ahouhl s]ieci£c characters, or those by which tlu 
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id of tbo Mme geuos difCer from aach olher, be mom *i 
. gBMric clianclen in wfakh tbe; kU ftgree? Why, te & 
at, iboDld ths colour of s fiower he more likely to wy I 
I wy one tpvatm o( a geniu^ if tbe other species pofise«a ilBat 
I CDloorad Bowen, tbao if all poneaed tbe auue coloared 
I If apeciea we only weU-marfcM varieties, of which the c 
rksre beoome in k high degree pemuuent, we can imdenUcii ti 
I flnt J for tfa^ h«Te already Tuied siuoe they branched off fi 

moa progonitar io certain chvsclen, by which they have oi 
C to ba qadfieally distinct from each other ; Iherefore theae a 
I ftencten wootd be mote likely a^sio Io vaiy than the gHieric d 

I* which have been inherited wilkont change ' 
l.pciiod. It ia inexpiicaltio on tbe theory of creation why t f) 
I dsnloped in a very nnoEual maimer in one spvciea alone of a 
1 nd therefMe, ai we may natanlly infer, of great importaocBfl 
I thai spedea, ihoold be eminently liable to Tariatioa ; bat, on If 
I view, tbi* port ha« undergODe, since the aeveral apeciea hnnehed^ 
I jkom a common progenitor, an DDnnia] amount of variatnlityif 
I Modificalion, and therefore we might expect the part genenllyfl 
l.ln atill vanahle. But a part may be developed in the moat nniM 
ner, like the wing of a bat, and yet not be more Tariable d 

Fluiy other itmcture, if tbe part be cotumon to many anbo 

I'fcriDS, that is, if it has been inheiited for a very long period; flff b 
caae it will have been rendered oonatant by long-ooDtinnwl 
t natural aelection. 

Glancing at icfltincta, mAtrelloQS as some are, they offer Bp,_ 
greater difSculty than do corporeal atnctorei on the theory of 4 
natural selection of saccessiTe, slight, but profitable n 
We can thoa understand why nature moves by graduated sirpafl 
endowing different animaU of the same class with their • 
instincts. 1 have attempted to show how mnch light the p 
of gradation throws on the admirable architectatal power* of fl 
hive-bee. Habit no doubt often comes into play i 
inilincts; but it certainly is not indispensable, as -we see in 1 
CftSB of neuter insects, which leave no progeny Io inherit the el 
of loug-oonttnued habit. On the view of all the species of the ■ 
genua having defended from a common }»ronI, and having i 
herited much in common, we can underatand how it is that aP 
■pecics, when placed under widely different oouditions of liie>9 
follow nearly the same instincts; why the thraahes of ti 
temperate South America, for instance, line their nests willi n 
like our British species. On the view of instincts having b 
slowly Bcquitul through natural selection, ne tuod not mai 
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IS not perfect luid liable to muUkefl, and Rt 
niAny insLinuls causing other animals to sufler. 

If gpecies be outy well-marked and permanent Tarietiea, n'e can 
at once Bee why their croewd oBipring should follow the eanie 
oomptcs laws in their dei^reet and kiods of r««emblaiic« to their 
patents, — in being ab«orbed into each other by aucccstiTe crosoes, 
and in other Buoii points, — aa do the crosswl offspring of acknow- 
ledged varieties, lliis aimilarity would be ■ strange fact, if species 
had been independently created and varieties had been produced 
through secondary laws. 

If we admit that the feological record is imperfect to an extreme 
d^ree, then the facta, which the record doM pve, strongly supixirt 
the theory of descent with modlGcation. Kew sjiecios have come 
on the stage slowly and at iuccossive intervals ; and the amount ol 
change, after equal intervals of time, ia widely different iu different 
groupa. The extinction of species and of whole groups of spvoiiw, 
which has pkyed bo cons]>icuous a jmrt in the histury of the 
organic world, almost inevitably foUuws from the principle ol 
natural selection ; for old forms are sapphuited by now snd im- 
proved funns. Neither single species nor groups of species re- 
appear when the chain of ordinary generaiion is once broken. The 
gradual diffusion of dominant forms, with ihe slow modification of 
their descendanis, causes the forms of life, after long inI«rvaU 
of time, to appear as if they had changed simultaneously rhrough- 
out the world. The feet of the fossil remains of each fbrmatioo 
bting in some degree intermediate in character between the fossila 
in the formations above and below, is aimply explained by their 
iniermodiaie poution in the chain of descent. He grand bet 
that all extinct beioga can be classed with ail recent beinga, 
naturally follows from the living and the eittnct being the off- 
apring of common parents. As species have generally diverged in 
character during ihcir long oourae of descent and modification, wo 
can understand why it is that the more ancient forms, or early 
piogenitora of each gruop, so often occupy a position in some 
degree intermediate liotween existing groups. Becent forms are 
generally looked upon as bting, on the whole, higher in the scale 
of organisation than ancient forms; and they must be higher, in 
TO far as ibo later and more improved forms have conquered the 
older and less improved forms in the struggle for life ; tliey hare 
also generally had their orgatM more specialised for different 
functions. This fact is perfectly compatible with numerous beings 
Ktill retaining simple and but little improved stnictnreK, fitted for 
simple conditions of bJej It ii likewise compatible with tame 
2m 



418 



KECAPITOLATHH. 



LCh^Q^H 



forms having retrograded in organisatijn, by having become at 
ench stage of deeceut better fitted for new and degraded httUU 
of lilo. I^atly, Ihe wonderful law of the \aag eodaronoe of allied 
forms on the same coatiocnt, — of mareupiaU in Australia, of edea- 
tsta in America, and other such cases, — is intelligible, for vrilliiD 
tho same coantry the existing and the extinct will be duel; 
allied b; descent. 

Looking to geogiapbical diatribation, if we admit that there hu 
lieeii during the long course of ages much migration, from one pan 
of the world to another, owing to former climatal and gevgi&phiial 
changes aod to the many occasional and unknown means of dis- 
persal, then we con understand, on the theory of deecent vdlh 
modification, most of tbe great leading facts in Distribution. Wc 
can see why there should be so striking a parallelism in the di»- 
tribution of organic beings throughout s^iace, and ia tlieir gmloeictJ 
■UGcession throughout time; for in both cases the beings have been 
oonuscted by the bond of ordinary generation, and the meant o! 
modification have been the same. We see tbe full meaning of llu 
wouderful fact, which has struck every traveller, namely, that <a 
the same continent, nnder the most diverse conditions, undBr best 
and cold, on mountain and lowland, on deserts and marshes, Euoit 
of tbe iubabitanta within each great class are plainly related ; for 
they are the descendants of the same progenitors and early colonists. 
On this snme principle of former migmtion, combined in most aaa 
with modification, we can understand, by the aid of the Glictii 
period, the identity of some few plants, and the close alltsnca ol 
many others, on tbe most distant mountains, and tn the tKHthon 
and southern temperate xones ; and likewise the close alhanoe of 
Bome of the inhabitants of tbe sea in the northern and southern 
temperate latitudes, though Eeparated by the whole intettropol 
ocean. Althougb two countries may present physical conditiosi 
IS closely similar as the same species over require, we need f«l w 
surprise at their inhabitants being widely different, if ihey bus 
been for a long period completely sundered from each other ; fix w 
the relation of or^nism to organism is the most important of si' 
relations, and as the two conutries will have received coloaiau 
at various periods aud in different proportions, from some otba 
country or from each other, tho course of modification in the tm> 
areas will inevitably have boon different. 

On this view of migration, with stibfoquent modification, " 
sec why oceanic islands are inhabited by only few species, but ^^ 
these, why many are peculiar or endemic forma. Wo clearly rt» 
why species belonging to those groups of animals which caniwt 
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OTOM wide epaces of the oc«aa, m frogs utd terrMtrial mamtnalu, do 
not inhabit oceanic islaoiis ; and whj, ou the other hand, new and 
pacnliar species of bats, amraals which can traverse the ocean, are 
aften fonnd on islands far diataut from any continent. Such c^sea 
u the presence of peculiar species of bats on oceanic islands and 
(he absence of all other terrestrial mammals, are facts ntlerlj 
Llnezplicable on iho theory of independent acts of creAtioo. 

Tho eiislcnce of closely allied or roprcsentaliTe species in any 
TO areas, iroiilics, on the ihoory of descent with modification, that 
tbe same parent-forms formerly inhabited both areas : and we 
idmost invarinbl]' find that wherever many closely allied species 
inhabit two orens, soma idcutical species aro still common to both. 
Wherever many oiosely allied yet distinct apeciea occur, doubtful 
forms and varieties belonging to tho same groups likewise occnr, 
It is a rule of high genemlity tliat the inhabitants of each area are 
related to the inhabitants of the nearest souros whence immii^rants 
might have been derived. We see this in the striking n-lalion of 
nearly all the pUnU and animala of ttie Galapagos archiiielano, 
of Jnan Femanduz, and of tho other American islands, to the 
plants and animals of the neighbouring American mainland; and 
of those of the Cape de Verde archipelago, and of the other African 
islands to the African mainland. It must be admitted that these 
bets receive no explanation on the theory of creation. 

The fact, as we have seen, that all past and present organic beings 
can be arranged nithin a few great claasrs, in groups subordinate to 
giDups, and with the extinct groups often falling in between the 
recent groups, ia inteUiijiblo on tho theory of natural selection with 
its contingencies of extinction and divergence of character. On 
these same principles we see how it ii^ that the mutual affinities of 
the forms within each class are so complex and circuitona. We 
see why certain characters are far more tervioeable than others for 
ohkssifioation ; — why adaptive cbaractora, though of loramount im- 
portanoB to the beings, are of hordl/ any importance in cUtssifi- 
cation ; why ohamclers derived from mdiraenlaiy parts, thoui,'h of 
■to lervioe to the beings, are often of high classificatory value; and 
why embryological cbaractt-rs are often the meet valuable of all. 
The real afUnities of all organic beings, in contradistinction to their 
adaptive resemblances, are due to inheritance or community of 
deocent. The Natural System is a genealogical arrangement, with 
the acquired grades of diffeiencc, marked by the terms, varioiiea, 
epecies, genijra, families, Ac ; and we have to discover tlie linci 
of descent by the most permanent characters whatever they may 
be and of hoverer alight vitai importaiKe. 
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The similu frBmenork of hoaea in the hand of a nutn, wing of 
a bill, fin of the porpoise, and 1^ of the horee, — the Miiiis numfaer 
of vertebrK funning the nock of the ginSe and of thn elephant, — 
and innumerable other such facts, at once explain thvinselrei on 
the tbcoty of descent with ali>w and slight Buccesaive modiGca- 
tionfl. The flimilarity of pntum in the wing and in the leg of 
a hat, though used for eiich diQerent purpcae, — in the jawa and 
li^ of a ciab,— in the petals, BtamebH, and pistils of a flowtr 
ia likewise, to a large extent, intelligible on the new of the 
giadual modification of parti or organs, which were aborigiDollj 
alike in an early progenitor in each of these claaies. On the 
principle of Diccessive variations not always Buperrening at in 
early age, and being inherited at a corres]K)ndLng not early 
period of life, we clearly see why the embryos of ir mmn ul*, 
biids, reptiles, and fishes ahotild be so closely similar, and ac 
unlike the adult forms. We may oease marvelliitg at the cni- 
bryo of an air-breathing mammal or bird having branchial slitt 
and arteries running in loops, like those of s Sit which bi> to 
breathe the air disnolvod in water by the aid of well-devetoped 
branchiae. 

Disasa, sided sometimes by natural selection, will often btra 
tednced organs when renderMl usclosa under changed habits or 
conditions of life ; and we can undeiBtand on this view the meaning 
of rudimentary organs. But disuse and selection will generally set 
on each creatnre, when it has come to maturil.y and has to play Iti 
fnll port in the struggle for existence, and will thug have little 
power on an ort;an during early life; hence the olgan will not be 
reduced or rendered rudimentary at this early age. The calf, for 
instauce, has inherited teeth, which never cut through the gums of 
the np^ier jaw, from an early progenitor having well-developed 
teoth ; and we may bclieie, that the teeth in the mature aninul 
were formerly reduced by disuse, owing to the tongue and pUU, 
or lipe, having become excellently fitted through natnral selection 
to browse without their aid; whereas in tho calf, the teeth have 
been left unaffecWd, and on the principle of inheritance at oor- 
responding ages have been inherited from a remote period la 
the present day. On the view of each orc&nism with all ill 
sefttrale parts having been specially created, how utterly inexplic- 
able is it that orguoa bearing the plain stamp of inotillty, sooh 
as the teeth in the embryonic calf or the shrivoUcrt wings cnder 
the soldered wing-covers of many beetles, should m> fhiquently 
occur. Nature may be said to have taken pains to iwoal bw 
scheme of modification, by means of rudimentary organs, of on* 
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I have now recspitulated the facts and con siderstiona which huva 
tlioroughly convinced me that Bpecies hava been modified, dcring a 
long courra of descent. Thin has been effectul chiefly through the 
oalural Bclection of numerouB HncccasiVB, slight, favourable vnria- 
tioDS ; sid'd iQ an important mauiiDr b; the iuheritad eSoots of the 
use and disuac of parts; and in an uuimportaQt mimner, that ia 
in relation to adaptive structures, whether past or present, bj tlie 
direct action of external conditions, and bjr variations which set'ni 
to OS In our iterance to arise spontancouBly. It appcan that 
I formerly nnderralod the frequency and valne of these latter 
forma of variation, aa leading to penuanent modifloatioas of strac- 
tnre iDdc|«ndentl7 of natural selection. But as my coaclusions 
bmve lately beeu much miarepreaenled, and it has been stated 
that I attribute the modiSoation of species eicluaively to natural 
■election, I may be permitted to remark that io the first edition of 
this work, and subsequently, I placed in a most consi:>icuous poai- 
tion — namely, at the oloie of the Introdnction — the following words : 
"I am convinced that natural selection has been the main bat not 
the eiclueive meaOa of modi&catioiL" This haa been of no avail. 
Great ia the power of Bteady miareprEaeutatiou ; but the history 
of science shows that fortunately this power does not long endure. 

It can hardly be aiippoaed that a false thenry wooid eiplain, in 
■0 satisfactory a manner as does the theory of natural selection, the 
seToral large classes of facte above specified. It has recently 
been objected that this is an unsafe method of arguing; but 
it is a method used in judging of the common events of life, and 
has often been used by the greatest natural philosophers. The 
imdulatoiy theory of light hea thtis been arrived at ; and the belief 
in the revolution of the earth on its own axis was until lately 
supported by hardly any direct evidence. It is no valid objtction 
that science na yet thn>wi no light on the far higher problem of the 
Msence or ori^n of life. Who can explain what is the essence of 
the attraction of gravity? No one now objects to follawini; ont the 
results consequent on this nnknown element of attrartion ; not- 
withstanding that Leibnitz formerly BCCUBed Newton of ititroducing 
"occult qualities and miraclea into idtilosophj." 

I see no good reason why th« views given in this voltime should 
■hoclc the religious feelings of any one. It is satisfactocj, as 
■howing how transient such impreasions are, to remember that the 
gnUett diacOToy ever made by man, namely, the law of the 




attraction of gravity, was also nttaoked by LeibnitE, "as 8ub- 
TcreivQ of natural, and infereatially of revealed, religioa." A cele- 
brated author sod divine hoa written to me that " he has gradually 
•' learnt to Mo Ihftt it is just aa noblo a conception of the Deity to 
" believe that lie created a few original furms capable of aelf- 
" derelopiUDDt into other and needful forms, as to believa that He 
" required a freah act of creation to sQjiply the voids caused by tbe 
" action of His laws." 

Why, it may be asked, qdUI recently did nearly all the mot 
eminent Uviug mituraliata and geulo^sta disbelieva in tbe muta- 
bility of species. It c«nnot be asserted that organio bein^ in a 
Btal« of nature are snbject to no variation ; it cannot be proved 
tbat tbe amount of variation in tho course of long ages ia a limited 
quantity ; no clear diatioctiou has been, or can be, dratcn between 
species and well-marked varieties. Ji cannot be maintained that 
species when intercrossed are invariably sterile, and varietiM in- 
variably fertile; or that sterility is a special endowment and sgn 
of creation. The belief that species were imniatable production! 
was almost unavoidable aa long as tbe history of tbe world «ss 
thought to be of short duration ; and cow that we bave acquired 
Bomo idea of the lapse of time, we are loo apt to asaonie, wilhoul 
proof, that the geological record is so j«rfect that it would have 
afforded us plain evidence of the mutation of species, if they bsd 
uudurjione mutation. 

Set the chief cause of our natural unwillingQesa to admit thai 
one specie has given birth to other aod distinct species, is tbat wi 
are always slow in admitting great changes of wliich we do not f« 
the stepe. The difficulty is the same as that felt by so many geo- 
logists, when Lyell &rst insisted that long lines of inland cliffs tsd 
been formed, and great valleys excavated, by tho tgoucios which 
we see still at work. The mind cannot possibly grasp the full 
moaning of tho term of even a million years ; it cannot add up and 
perceive the full efl'ects of many slight variations, accumnlateil 
during an almost infinite number of generations. 

Although I am fully convinced of (he truth of tbe views ^ven Id 
this volume under the form of an abstract, 1 by no means expect 
to convince experienced naturalists whose minds are stocked with 
a multitude of facts all viewed, during a long course of yettrs, fnnn 
a pdnt of view directly opposite to mine. It is so easy to hide ocr 
ignorance under such expressions as the " pinn of creation," " nnirf 
of design," &c, and to think that we give on explanation when we 
only re-state a fact. Any one whose disjiosition leads him to atlsch 
mure weight to tmezplained difficulties than lo tbe eKplanation of 
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■ certain number of facts will certainly reject the tbei}rjr. A few 
DaturalietB, enduwcd with much fleiibility of mind, and who have 
already begun to doubt the immntablUty of Bpcciea, raay be in- 
fluenced by this Tolume ; but 1 look with confidpnce to the future, — 
to young and rising naturalists, who will ba able to v ew both sidea 
of the question with impartiality. Whoever is led to believe that 
vpecioe are mutable will do good service by conscientiously ex- 
pressing his conviction ; for thus only can the Viad of prejudice by 
which this subject ia overwhelmed be removed. 

Several emineat natoralists have of late p*jblished their beiief 
that a roultitiide of reputed species in each genus are not real 
species; but that other species are real, that is, have been inde- 
pendently created. I'hia keems to me a strange cunclusion to 
arrive at. They admit that a multitude of forms, which till lately 
they themselves thought were special creations, and which are still 
thus looked at by the majority of naturalists, aud wliicb conse- 
quently have all the eilemal characteristic features of true species, 
— they admit that these have been produced by variation, but they 
refuse to extend the same view to other and slightly different forms. 
Nevertheless they do not pretend that they can define, or even 
oonjecturc, which are the created forms of life, and which are those 
produced by secondary laws. They admit variation as a vrra caun 
in one case, they arbitrarily reject it in another, without assigning 
any distinction in the two cases. The day will come when this 
will be given as a curious illUBtration of the blindness of precon- 
ceived opiniotL These authors seem no more startled at a mira- 
culous act of creation than at an ordinary birth. But do they 
really believe that at lunumerable periods in the earth's history 
certain elemental atoms have been commanded suddenly to flauh 
into living tissues? Do they believe that at each supposed set of 
creation one individual or oiany were produced? Weru all the 
infinitely numerous kinds of animals and plants created as eggs or 
seed, or as full grown? and in the case of mammals, were they 
created bearing the false marks of nourishment from the mother's 
womb? Undonbtodly some of these satne queiitions csouut be 
answered by those wbu believe in the appearance or creation uf only 
a few forms of life, or of sotno one form alone. It has been main- 
tained by several authors that it ia as easy to believe in the creation 
of a milLiun beings as of one( but Maupertuis' philosophical 

Cm "of lenat action " leads the mind more willingly to admit 
smaller number; and certainly we ought not lo believe th.it 
merable beings within each great class have been creaiod 
, plain, bat deceptive, marks of descent fium a single {ftrent. 




\ former Bt&te of things, I hATtt 
forgoing ptragrBphs, Ukd elaewhen, sereral aeaiteiioM vrbiA 
thftl tiaturalisU believe in the separate ereatjon of CMsb ip»a|1 

I have been mnch censored for baving tbus 
But undoubtedly this was the general belief when the bt 
edition of the present nork appeared. I formerlj' sfokeUnr 
many naturalists on the subject of eTolution, and tierer octeg vl 
witii anjr sympathetic agreement. It ia probable tliat MM tt 
then believe in evolution, but they were either silent, or gqwi 
thangelves so ambiguously that it nu Dot easy to andetBtu^ 6^ 
meaniDg. Now things are wholly changed, and almoct mr 
naturalist admits the great principle of evolution. There ar«i bB>- 
ever, Bome who still think that species hare sTiildenty given HA 
through quite unexplained means, to new and totally diSimi 
fonus : but, as 1 have attempted to show, weighty evidenoe at h 
opposed to the admission of great and abrupt modifieatiiTns. Tidt 
a scientific point of view, and as lending (o further inrestipliK 
but little adTanta;:e is gained by believing that new Sctm m 
suddenly developed in an inexplicable manner from iildftDdviUl 
different fortng, over the old belief in the crattion of spednta 
the dust of the earth. 

It may be asked how far T ext^^d the doctrine of the 
of species. The question is difficnlt to answer, becanac 
distinct the Torms are which we conader, hy bo much tbe 
in favour of community of descent become fewer in noxnbs ml Im 
iu force. But some arguments of the greatest weight extndnT 
{ai. All the members of whole classes are connected tfgfthfrH 
a chain of atGnities, and all can be classed on the aaxaa iniic^ 
in )!roups subordinate to groups. Fossil remains aranetimsa W 
to fill up very wide intervals between existing oidera. 

Organs in a rudimentary condition plainly show that as (iHv 
progenitor had the organ in a fully developed condition; and lk> 
in some cases implies an enormous amount o( modiBcatkn B 
the descendants. Throughout whole classes various etiiMtwwMi 
formed on the same pattern, and at a very early aiie the mttfB 
closely resemble each other. Therefore I cannot doabt that lit 
theory of descent with modification embraces all the manbai af 
the same great class or kingdom. 1 believe that animsJ* •• 
descended from at moat only four or five progeniton^ and fbali 
&Dm an equal or leaser number. 

Analt^y would lead me one step farther, namely, to tha b«U 
that all animals and plants arr descended from some one prototji^ 
But analogy may be a deceitful gnide. Nevertheleu all livut 
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ft'lliings b»ve much fa ooiamon, in their chemical composition, their 
■llular structure, their laws of growth, and tbeir liability to in- 
Rjuioua influences. We see tliis even In so triSicg a /act aa that the 
ne poison often rimilarly afiecta plants and animaU; or that 
3 poison secreted by the gall-fly prodneoa monstrous growths 
1 the wild roee or oak-tree. With All organic beingB, excepting 
echapa some of the very lowest, sexual reproduction aeema to be 
iaiiy similar. With all, aa lar as is at present known, the 
Lgerminal vesicle ia the aame; so that all organisms start from a 
I common origin. If we look even to the two main divisions — 
I namely, to the animal and vegetable kingdoms — certain low forma 
« far iuKrmcdiato in character that naturalista have dispuled 
' to which kingdom thcj should be referred. As Professor Asa Oray 
lias remarked, " the spores and other reproductive bodies of many 
"of the loicer algn may claim to have first a characteriatically 
** aniroal, and then an unoquivocally vegetable existence." There- 
fore, on the principle of natural selection with divergence of 
ehincter, it Aoa not soem incredible tbat, rrom some sueli lev and 
intermediate form, both animals and plants may have been de- 
Teioped ; and, if we admit this, we must Likewise admit that all 
the organic beings which have ever lived on this eariL may be 
descended from some one primordial form. But this inference ia 
chiefly grounded on analogy, and it is immaterial whether or not 
it be accepted. No doubt it is possible, as Mr. 0. H. Lewes has 
urged, tbat at the first commencement of life many diOerent forms 
were evolved ; but if so, we may conclude that only a very few 
have left modified descendants. For, as I have recently remarked 
in regard to the members of each great kingdom, mich as the 
Vortebrata, Articnlato, &c, ne have distinct evidence in their 
embryological, homologous, and rudimentary structures, that 
within each kingdom all the members are descended from a single 
progenitor. 

When the views advanced by me in thia volume, and by Mr. 
Wallace, or when anahigouB vieivs on the origin of species are 
generally adnittl«d, we can dimly foresee that there will be a 
considerable revolution in natural history. Systemntists will be 
able to pnrene thair labours as at present; but they will not be 
Incessantly haunted by the shadowy donbt whether this or tbat 
form be a true species. 'I'his,! feel sure and I speak nfier experience, 
will be DO slight relief. The endless disputes whether or not some 
fifty species of Etritiah brambles are good species will cease. Byste- 
matisls will have only lo decide ^not that tbis will bo easy) whether 
aujr &rm be aulfioieutlj constant and distinct baoi otbn HDnna, 
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to be capable of defiaiUon ; &nd if definable, whether ihe difierencea 
be ■ufikieull)' important to deserve a specilic noma. ThiK UUer 
paint will become a lar more essenlicd consideration than it i» at 
present ; fur diScreaces, however slight, between anj two fonai, 
if not blended by iutermediate gradations, are looked at by roon 
aaturaliatH aa aufficicnt to raise both forms to the rank of speciea. 

Hereafter vie ihaii be com|«Ued to acknowledge that the onl; 
diatinction between species and well-nuirked varieties ia, that the 
latter are known, or believed, to be connected at the present day bj 
intermediate gradations, whereas species were formerly thus con- 
UBcled. Hence, without rejecting the consideration of the [reteot 
exiBtenceofiulermedlale gradations between any two forma, we shall 
be led to weigh more carefully and to value higher the ecbui 
amouut of differeDce between them. It ia quite possible that fonni 
now generally acknowledged to be merely varieties may hereiiW 
be thought worthy of specifio names; and in this case scientific and 
common language will corns into accordance, la short, we shal! 
bave to treat species in the same manner as those natucalista tnit 
genera, who admit that genera are merely artificial combinatiaiu 
tuade for conveDicnoe. This ma; Ddt be a cheering prospect; but 
we Hhall at least be freed from the vain search for the tuidiscovend 
and undiscovemble essence of the term apeciee. 

The other and more general departments of natural history will 
liso greotly in interest The terms used by naturaliBta, of affinity, 
reiationship, ooinmuuity of type, paternity, morpholooy, adaplin 
characters, rudimeutarr and aborted organs, &c., will cvose to he 
metaphorical, and will bave a plain signification. When we do 
longer look at an organic being as a savage looks at a ehi|<, as tone- 
thing wholly beyond his comprehension; when we regard eveiy 
production of nature as one which has bad a long history; when «< 
contemplate every complex stnioture and instinct as the simtmiug 
up of many contrivances, each useful to the possessor, in the woe 
way as any great mechanical invention is the atmiming np of Ike 
labour, tbe experience, the reason, and even the blunders of nnne- 
rolls workmen ; when we thus view each organic being, how fir 
more interesting, — I speak from eiporicnoo, — does the study <i 
natural history become I 

A grand and almost untrodden Gdd of inquiry will be opencJ, on 
the causes and laws of variation, on correlatioii. on the effects oIn» 
and disuse, on the direct action of external couditfons, and so forth 
The study of domestic productions will rise immensely in value. A 
new variety raised by man will be a more imnortant and intewetini 
aubjecl for study than one more speclos added to the infinitude of 
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already rccordod Bpocica. Our clussificatioos nill coma to be, as far 
E.S ibey can be bo mode, genealogies ; and will tbeu tmly give what 
ma; be called the plan of creation. Tlie rules (or classifyiDg will 
no doubt becume simpler wbon we have a definite object in view. 
We possess no [ledigrees or armorial bearings ; and we bave to dis- 
cover and tnce the man]' divergiL^ lines of descent in our natural 
genealogiei, by characters of any kind which have long been in- 
herited. Itudimentary organs will speak iii£itlibly with respect to 
the nature vt long-lost structures, impedes and groups of speciea 
which are called aberrant, aud which may fancifully be called tiding 
fossils, will aid us in furmiug a picture of the ancient forms of life 
Embryology will often rev^ to us the structure, in some degree 
obsciu'ed, of the prototypes of each great class. 

When we can feel assured that all the individtzals of the same 
species, and all the closely olUed species of most genera, have within 
a not very rouote period descended from one parent, aud have 
migrated from some one birtb-plsce i and when wo better know 
the many means of migration, then, by the light wliich geology 
now throwfl, and will continue to throw, oa former changes of 
climate and of the level of the land, we shall surely be enabled to 
trace in an admirable manner the former migrations of the inhabi- 
tanta of the whole world. Even at present, by comparing the 
diflerences butween the inhabitants of the sea on the opposite sides 
of a continent, and the nature of the various inhabitants on that 
continent in relation to their apparent means of immigration, some 
light can he thrown on ancient geography. 

1'be noble science of Geology loses glory from the extreme 
imperfection of the record. Tbe crust of the earth with its em- 
bedded remains must not be looked at as a well-filled museum, but 
as a poor collection made at hazard and at rare intervals. The accu- 
mulation of each great fossiliferous formation will be recognised as 
having depended on an unusual concurrence of favourable ciroum- 
stances, and tbe blank intervals between the successive stages as 
having been of vast duration. But we shall be able to gauge with 
some security the duration of these intervals by a comparison of 
the preceding and succeeding organic forms. We must be cautious 
in attempting to correlate as strictly coniemporaneous two fonna- 
tions, which do not include many identical species, by tbe geneial 
succession of the forms of life. As species are produced and ex- 
terminated by slowly acting and still existing causes, and not by 
mirBCulous acts of creation { and as tbe most important of all causes 
of organic change is one which is almost iodependeut of altered 
and perhaps suddenly altered physical conditions, namely, tbe 
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inntiul lebtion of organism to or^uisni, — the impratEment of 
OM or^Bnimn entailing the UDproTement or the eitenniiistioii 
of otliera ; it follovn, that the amouat of organic changs in tlie 
foiuia at cooMcatira formatiotia prolnbly Berrea aa a fur maasm 
<rf tba telatire, though not actual la;M of tima A nnmfacr of 
■pedes, however, keeping in a bod)' mi^ht remain for a long pcnod 
nncbangcd, whilst within the Muoe period, severat of these apedo, 
by migialing into new ooantrira and coming into competition iritb 
Icnigti aosociates. might become modified ; n that we msat Dot 
orerrste the accnracy of otpuiic change as a measure of time. 

In the futnre 1 see open fields for far more important research« 
PsTchology will be lecurply based on the foundation already well 
laid by Mr. Herbert Bpencer, that of the Decewary acqaicemnt 
of each mental power and capacity by gradation. Much light will 
be thrown on the origin of man and his history. 

Anthofs of the highest emiaeiice s<«m to be AiUy satisfied intli 
1^ Tiew that eaob spedes has been independently created. To tn; 
mind it accords better with what we know of the laws imprasBed 0" 
matter by the Creator, that the production and extinction of 0" 
past and present inhabitantB of the world shi)i)1d have been due to 
seconda;; caoses, like those determining the birth and dentb ei&t 
individtuiL When I view all beings not as spedal creations, but 
■s the lineal descendants of some few beings which lived long beCn 
the first bed of the Quubrian sjstem was deposited, the; SMm tt 
me to become ennobled. Judging fimn the past, we may nfe); 
infer that not one living species will transmit its analtercd likeiwM 
to a distant faturtty. And of the epecies now living very few irill 
transmit progeny of any kind to a far distant futurity; fat the 
manner in which all organic bein^ are grouped, shows that tb 
greater nnmber of species in each genus, and all the spedH i>i 
many genera, hare left no descecdanls, but have become nttedf 
extinct. We can so far take a prophetic glance into fiituritj si to 
foretell that it will be the common and widely-spread specitt, 
belonging to the larger and dominant gronps within each clM 
which will ultimately prevail and procreate new and dominuil 
apecies. As all the Uviog forma of life are the liueal descendants of 
those which lived long before the Cambriau epoch, we may leel 
certain that the ordinary succession by generation bss never onw 
been hrokeo, and that no cataclysm has desolated the whole wodd. 
Hence we may look with some confidence to a aecure future of 
gnat length. And as natural soieotion works solely by and for (he 
good of each being, all corporeal and mental enduwmsoti will tend 
to progRM towards perfection. 
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It IB interueting to omtemplate a tangled bank, clothi?d with 
many pltiats of many klada, with birds siD^ing on the buishcB, with 
various iiiKects flitting about, and with worms crawling through 
the damp earth, and to refltict that these elaborately constructed 
ferns, so different from e&ch other, and dependent upon each other 
la BO complei a manner, have all been produced by laws acting 
around ns. These laws, taken in the largest senee, being Growth 
with Beproduction ; Inheritance which is almost implied by rcpro- 
dnction; Variability from the indirect and direct action of the con- 
ditions t>( life, and from use and disuse : a Balio of Increase ao high 
as to lead to a Stmggle for Life, and as a consequence to Natural 
Selection, entailing Divergence of Cbaiacter and the Extinction of 
leas-improved forms. Thus, from the war of nature, from famine 
Mid death, the most exalted object which we are capable of con- 
eeiving, namely, the production of the higher animals, directly 
follows. There is grandeur in this view of Ufe, with Its several 
powers, having been originally breathed by the Creator into a few 
fbnns or into one ; and that, whilst Ibis planet has gone cycling on 
according to the fixed law of gravity, from so simple a begltining 
endless forms most beautiful and most wonderful have been, and 
^ being evolved. 
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Abesiunt. — Fonni or groupa et iDlmali or pUnU which derUti ii !■ 
portul durocten from their Dcirut tllis, lo u not to b« tttilj it- 
claded ia th« umo group with them, are ndd to 1m aberTAiil. 

AnERBinoM (in Opticn). — In the rcfisction of light bj » caant leu th( 
nji pusiDg throagh ditTcrent ptrtiorthe lens are brought to tiViutt 
ilightli' different distances,— this is tailed ipAmcal lAerrativn; pt ita 
HTne lime the coloored nys ire Hjiirated bj- the prismiilic sclimi •< 
lb« leas and Hlienise brought to b focne tt different diataam,— tha i) 
chrunuitic ^erratiim. 

ABNOtlHAl Contrary to the genersl rnle. 

ABORTBD.—An orgnn [s eiiii] to be aborted, vhen <U derelopmeat hu b«g 
arrested at a Terj early stage. 

AUJtHISH. — Albinos ore animali in which the nan*! rolonring inilMn 
characlerietie of the Bpeciet have not been prodaced in the iltin ud iu 
appendsffeL Albinista i> the state of being an albino. 

tiiJix. — A clasi of pilots Including the ordiaary sea-ireeds and tlu <>l*- 
mentons fresh- water weeds. 

ALHENiTIOS OF QENEftATiONS.— This term is applied to a petollar node 
of reproduction which prerails smeng many of Ihe lomr aDimslt,!! 
which the egg produces ■ living form quite diSerent from its parent, but 
from which the piirenl-fonn ii reprodoced by a procou of boddiaj, W 
by the diviMon of the snbstancB of the first product of the if^. 

AmOHrriS. — A group of fbsail, spiral, chambered sheila, allied la tlH 
eiiiting pearly Nautilus, but having the partitioiu between the chim- 
ben waved In compticated patterns at their jUDCtion with th* onltr 
wall of the shell. 

AnAUMT. — That resemblance of structures which depends span ilmS- 
larity of fonction, as in the wings of insects and birda. Sncb nnittant 
are said to b« aiufagoui, and to be anaSogaet at each other. 
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AaiMALCinjC. — A IE lust* aninul : ganuillr upplial lo IhoM vbibia onlf \>j 

Ihi oicroKUpi. 
AmEUU.— A cIjib of wormi in which the inrftce of the body eihihiu > 

mora or Itu diillDGt dirislon into ringi or KgiiHiiti, geocnilly proTidtd 

with ippondages for locomotion and with gill>. It Inctudu Ilia ordiauy 

marine ivonni, Ihe urthwoniu, and the iHchea. 
AKTEini.x. — Joial«d organs appended to the hsad to Instda, Cm>tac«a uJ 

Ceutipcdu, and Dot Ixlanging to [he month. 
AffTHERS.— The ■nnimiU of tha alimena of Bowen, In which the pollen or 

fntilitiag duat ii prodaced. 
AltiACENTAUA, ApLiCESTiTA of Aplsrenlnl Hammala. See ifrmmofia. 
Ahchetvpal.— Of or belonging to tha Archetypa, or ideal primilivB ftnn 

npoD which all the beings of > groap leem to be orguiiied. 
Abticulat*. — A great diTuiion of the ADtmal Kingdom chtkracterlwd getNf 

rally bj haTing the aarlace of tbe body divided into ringi, called aeg- 

menta, n greater or leia Dumber of whioh ore fnmiahed wiUi jointed leg! 

(■Dch aa Inaecta, Cro&lsceuia and Centipedei). 
AimilETiuCAL.— Hsring the two *idea nnllka. 
ATROPKtED. — Arreited in dcTelopinent at a rery (u-ly atage. 

BAUaifflt— Tba epdds mcltidlag lh« cDmmon Acorn^clli which llri in 

abuKtuce on the rocka of the aea-coait. 

Batucbiaki. — A cloat of anlmala allied to tha Raplilet, bnl undergoing 
■ pacnliar melaniorphoiii. in which Che yonng animal ii generally 
•qnatle and brtathti by giila. (Examplei, Froga, Toad*, and Newta.) 

BocuiEM. — Large transported blocka of noae generally imbedded in clay« 

BkichiofODa. — A clan of marine Mollntea, or aon-lradted animala, lUr- 
niihed with ■ bivalve atiell, attached to rabmariDe object! bj a stalk 
which paisea Ihrnugh an aptrtnro in one of the 'aires, and forniihed 
with fringed armi, by Ibe action of which food ii carried to the 



Cakbria-i SrirEB.— a Serie* of tb 

Laurentlan and the Silorian. 

the oldest foaillifeioiu rock). 
Cak:ii«.— The Dog-family, including the Dog, Voir, Foi, Jackal, &o. 
Carapace. — The ahell enveloping tbe anterior pari of the body in Onata- 

ceani generally ; applied uao to the hard abeLy plecea of the Cirripodea. 
CAnMttirEROtra. — Thia term ia applied to the great formation which 

Indades, among othv rocka, the eoalnnaaanm. It balonga to the 

oldeat, or Halvoioie, lyatem of formatioiK. 
CaimAL. — Of or belonging to the tall. 
CeviliUiPDra. — The bigheit clnai of tbe Hollnica. or fon-bodled animnli, 

characterlHid by having the month aDrronniled by a greater or leaa 

number of fleKhy arma or lenlatlaa, which, in mo«i living tpeciea, are 

f^irniahad with ncklng-cnpa. {Ejompla, Cnltle-fuih, Naatilna.) 
Otac&a. — An order of Hammalla, inclBding tht Whalei, Dolphlna, lie, 



k. 



hiring tb» form of Ibt body luh-like, Ibe ikio lukod, and oalf tbc tb?»- 
Umbt dertlopcd. 
I Catustllx. — Ad order df R«pti1<u ImlndlDg the Turtles, Toilfilies, Ac. 

Qbbipedes. — An order of CriLitaceiiu Inclading the Bumvclo lUid Acwn- 
(helli. Their yoong re«mble [ho« of manj otberCnutBreaEuiafnrm^ 
but when nmlurs the7 are iliraji attached to nther objetta, eittei 
diractlf or b^r meatu of a itaik, and their bodies are eocloMd \>J > 
calcareoiu ihsll cmnpofsd of severai piewi, two of which can opea la 
giTe iune to ■ bunch of curled, jointed tentadea, which rcpreiODt fit 
llmbi. 

OOOOL-B.— The geous of Insects inclnding the Cochineal In these the mail 
— ' ite, winged S;, and the female generallj a malioolais, berrj' 



nally of silky material, in which iniecta are frequenl!,! 



like n 

The term " cocoon-itagB " ii here u«ed u eqniTilenl lo " pup«-»lage." 
CoLoaPEiuiODl. — A term applied to thoae fruit* of tbe Umbslliftn 

which havs the teed hollowed on the innar face. 
COLEOPTGXI. — Begtleg, an order of loiects, hs'ing a bitiag noath and Itt 

Ent pair of winga more or less bomr, fortnlog sheallu f»r the aecgiiii 

pair, and oioallj mnting in a alraight lijie down the middle of Ihi 

COLUxn. — ApecnllarargnD in thefloweranCOrGludtiinwhlcb th(«IaiDM>i 

ityle and atigma (or the reprodnctive parts) an nmtad, 
ConpoeiTje or COMrosiTOUB Plihts. — PUati in which the infloretcna 

cooiiats of numeroui imall flowers (florets) brought together IdIo* 

dense haad, the base of which li enclosed bj a common ennlofc. 

(^Examphs, the Daisy, Daudetioa, Ac) 
COSWEB.VX. — The iilamentoos weeds of IVesh water. 
CoNOLOiiEKATE. — A rnck made ap of fragnenta of rock or t*l>^ 

cetneated together by some other material. 
C0ROLLa.^The second enrelnpe of a Hower oiBally composed of coloon'. 

leaf-like organs (petals), which miij be united by their edges eilhei u 

the basal part or thronghont. 
CORBELiTiON, — The normal coincidence of one phenomenon, char«rt«t, it, 

CORTUB. — A banch of flowers in which those springing from the latm 
part of the flower italk are supported on lung st^ki lo a> to b* liariy 
on a level with the upper ones. 

CoTTLEDona. — The flrat or seed-leares of planta. 

CHDnAOEAiiB. — A due of articulated animals, hSTing the skin of Ih* tod; 
generally more or less hardened by the deposition of calcareous matuTi 
breathing by means of gills. {Examptn, Crab, Lobster, Shrimp, be) 

CimcmJO.~T)ie old generic term for the Beetles known ai Weerila, (ha- 
racterised by their f[iar-jolnted feet, and by the head being prodocad 
into > aart of beak, upon the sides of which the antenna are iweited. 

CUTAHBODB. — Of Or belonging to the skin. 

DbqiuiutiOS. — The wearing down of land by the aatian of the ei 
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ItEHCDmoN. — The weiring iwnj of the (utTac* of the Und bj water. 
Dbvokiah Stftem or fonnition. — A leries of Paleozoic rocii, indniling 

the Old Red Ssndrtone. 
thooTTLKCO!^ OR DicoTTLBCONom PLAKTS. — A claBaof pluti charscter- 

Utd hj hsFing two Hed-lesTeB, by Ibe formatioii of new wood between 

the biiik and the old wood (eiogeuoiu growth) and by ths reticuUtioa 

of the Tsini of the leiTM. The putd of the floweia ue geaenUlj in 

moItipUi of fire. 
DiTTEBEKTiATiON. — The leparatioQ or diacrioiiiutioD of parte or organs 

which in limpler fornu of life arc more or lea uuited. 
DiXOBPItlC. — UaTing two distinct fonns. — DiiDOrphiim i> the CDodition of 

the appearance of the same species nudei two disiimilai forms. 
DidCTDliS. — Sating the organa eC the teiu npon distinct indiTutnalii, 

DlOKiCE A pecnliir torta of Oreenitone. 

DOBau. — Of or belonging to the back. 

EDEirraTA. — A pecnliar order of Qaadmpeds, characterised bj the absenoe 
of at least the middle indior (bont) Uetb in both jaws. {Examplet, 
the Sloths and AmudiUos.) 

EU-VTBA.^ — The hardened fore-wings of Beetles, serving as sheaths for the 

nembronou hiDd-wiag:s, which cooititnt* tha ttu« organs of flight. 
EiiBSVO. — The juang animal nndergoing dcTelopment vithin the egg or 

EHSRrobOOT.^Tbe itndj of the derelapmeDt of tbo anbrTO. 

ESDUUO. — Peculiar to a given loealitf. 

L-<T02t(»niAC^ — A division nf the cUu Cmrtaceo, havin; all the seg- 
ments of the body uiunlly distinct, gills attached to the feet or organs 
of the mouth, and the test fringed with fine hairs. Thej are genenlljr 
of small liie. 

EOCESE.— The eBrlient of the three divisions of the Tertiary epoch of geolo- 
gists. Bucks of this age contain a small proportion of shells Identical 
with ipeciee now living. 

EpaEMEDOug lNSE:cTH.~Inwcti allied to the Hay-flj. 

FicSA.— The 

FEUDii— The Cat-fiimilf . 

FeRAl. — Saving becotne vrild &cm > slate of enltiraUoa or domeatication. 

Pu}BA.^The totsntf of the plsnla groning nstnnllj in a ocimtrir, or 

during a given geological perind. 
Florists. — Flowers imperfectly developed In some respects, and collected 

into a denM spike or head, ac in tbe Grasses, the Diadellon, &c. 
FtETAt.— Of or belonging t) tha ftetus, or embyro in conrse of dovelop- 

ItaBAMnrtFER*. — A class of animals of very low organisation, and generallj 
of small site, having a jelly-like body, from the aurface of which deli- 
cate filaments can be given off and retracted for tha prehension of 
otcmal objects, and haviag a calcareous or sandy shell, osnallj 
dirided Into ohamben^ and perfbraUd with small apertorea. 
L 2 » 
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F3saiLiTEB0U& — CsnUlaing foaeiU. 

FOsaoaiil — UnTing ■ fiicolty of digging. Tha PonoiW Hnm 
■ group of Wup-liks luMcU, wbicb bunnr ia «uid* hU to ■ 
for their yom^, ' 

FbeH[Iii (pi. Freha).— A udbII band or fold of «kin. 

FONOI (ling. FUNOUS).— A cImj of «llul,r plana, of vUiA S 
Toaditools, ind Monlds, u* funiiiar euunples. 

PoRcDLi.— Th- f^-^~> I r-tmed bj the naioa of dw 



Galunaceocfb But 

Turkey, and Pht 
GiLLDB.— The gain. 
Gahouon.— A 11 
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t« raidt in the egg* of aaimlLfr 
byro proceed!. 

at gmt cold and of enoniwB ctl 
. wirth. It ii bellBTed that flid] 



■uring the gtologia 



Olind. — An oi^an vhich ucreta or Kpsrutcs 

the blood or rap of «nlni.i|» or planli. 
QuJTta.—Tbt opniog of the windpipe 






— 'pliBgiu or ^ 
GsEira. — A rock BpproKhiBS pTinite Id oompcKitiDa, bot moi 

lunineted, and really ptoilneed bj the Kitention of a Bd 

deposit liter itt coanlidalioo. 
GRiLLATORES.— The sHaHM WadioK-blrt* (Storta. Cranea. Sai 

which an E»n.rBll7 f\imished with lo<^ leg., ba™ otlaiiA 

the heel, and hare no membnnei between tbe too, 
OlASrrE. — A rock cnniiiltng mutitiillj of crntala of febnr ^ 

• BaBofqurti. ^^ 

Bi.BTT«r.— The iocalitj in -wfaiii a plant or aoiau] BatnnllT lin 

UsHtFTEaa.— Aa orfer or aab-orier of lancta, eiaiaet«ri»«d W tl 

BOO of a jointed bnk or ralntm, aad Irf bniar tha forui> 

lathe baial portion aad jDcmhnuwai at tlMcxtreaitT wKuat 

each other. Thii gnwp indadei the rarioiu qa i jw j B^ 

HKUUPOMOEim.— pDcm^ tbe oi^ih ef bo*b aaioL ^^ 

BO MWoar .— Tbat iriation betveco p«m wkich ta«ii. ft,„ ^ 

»i»ttt from OMTTOiaJinj OBhryoaue puti. ajtlM, ia jiu,^ 

1. i. tW oa. of lb. a™ of «»a. tl» fcr^JeS of . ™SZ3l 
wJWEofnbirdj *r ia U» aaa. iwlirtdaal. ai in u„ ^ZT^S 
bl>d >q:3i>i<i>adnip.4*.aad iba «CMBta ar ri«, ^j J^ 
■ i<'fwM<i<keWrafa««,»..«rtip,*^Tf ;r«»Z 
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called the ^o/nologuc of the ether. Id diSVnnt pUnU the pirla of tb* 
flower ira bomologoiu, suit in geneni thtie parti ir* reg&rded u 
homalogDus wilh lea ret. 
UoMOPTZRi-^Aa order or tab-order of IniecU having (like the Hetni- 
ptem) a Jointed beuk, bat in which the fore-wingi ore either wholly 
■nembruioui or wholly lealherj. The Cieadm, frog-happeTb, aod 

^V^ ApAidit, u< well-ltnown eiamplea. 

^^SfBBlt).— The offipriug of the union of two diiliDct tpeciei. 

^B|ftTllBNO[^£EtAp — Ad order of losectA poueuin^ biting jawe and mnallj 

^K faux tueuibraDaai wingi la which there ace a iaw leiiu. Bee* tud 

^r Wup> are familiar eiamplei of thb groap. 

^■Btfebtbopbiud. — CiMaairelf dereloped. 



PloENicuuoHiDJi — A fkmllj of Uirnienoptcroai iueeti, the meiiiban of 
' Ji lay liitit «gg> In the bodiw or cggi of other istecla. 

IKAOO. — The perfect (genonllj winged) reprodactin itat* of nn loMCt. 

laDiaECN^— The aboriginal animnl or Tegatobla inbabiCnnta of ■ ooanlir 
or region. 

iMrLOOEHlEKCE. — Ttu mode of arnugeineDt of the flov<n of plaota. 

lirrCBOBlA. — A dau of mioroecopic Animdcuies, to catted from their 
baring Driginilly been obHrred in lofajloiu of regotable laatten. They 
coiuiit of ■ gelatiooai maleriol eadoaed in > ddicite meiobraiig, the 
whole or pnrt of which U furoiihed with abort ribmting bain (called 
cilia), by maau of which the aaimalcala ivitn throngb the mter or 
coDTey the mlDUIe partideg of their food lo the orifice of the mualti., 

InECnvOBOus. — Feeding on Inseela. | 

IsvEitTXBBATl, or Ikve&tebkite Axoikia Tboei aaimnlt which do not 

poueu a backbone or spinal column. 

Lachsx. — Spacea left among the llaiDee la aonie ot the lower udmali, 
and HrTiDginplaceof Teiaels for the circalatjonorthefluidaof thebodj. 

LUIELLATED.— Fnroiabed wilh lamella or little platai. 

La^VA (pi, Lautje). — The first coaJilton of en Iniect it lit iuning frocp tb* 
egg, when it la dbiuIIj in the form of a grub, caterpilUr, ot miggnt. 

Laevsx. — The upper part of the windpipe opening into the gnilel. 

LlintEKnait. — A group of greatly altered and nry andeni rocks, wbiolt 
1> {reatlr deTaloped along the coarte of the St. Laurence, whence the 
nuoe. It U in tbw* thai the earliett known traces of oi£anic bndiai 
haTi bean fansd. 

LaHnUHtNJC. — An order of plant* represented by the oommon Psai and 
Bean*, hiring an Irregolor Sower In which one petal ilanJi up Ilka ■ 
wing, and the itimens and pistil are eudosed in a sheath formed by two 
other ftUU. Tht truit is a pod (or legume). 

Lkkubida. — A group of fonr-banded animals, dlMlact froni the Moukeyi 
and approachuig the laMotlTorou* Quadrapeda in some of (heir chanc- 
tan and bablta. ita members hara the noatrilt curved ur twisted, and 
■ daw instead of a nail upon the fint finger of the bind hindi. 

LcrOKiFma. — An order of Insects, characterised by lbs poutoion of a 
spinl pfobiiBdi, and of four large more or leBteaiy wings. It iadndet 
tb* wUrkum BatteifllN iml Hatha, 



loam. — A niiTl<r dsgnait of r«XDt (P«t-Tirtkrf) dite, whicli <HcDple) a 
grent put of ttau tuilej of the Rkine. 

Malacostbaca. — ThB higher division of the Crtirtiic««, inclnding Oi( 
ordintiry Cnbi, Lolnten, SliriiD|«, &c, together with Ihe Woodiiot util 
Sand-hoppsrt. 

yj uniiT.Ti. — The higheit dau of nnigiiili. tuFiading the orCiDnFj- biirj 
qmidnipeda, the Whaie), and Man, nnd diBreelerued b; the produrtlog 
at lirlng jotmg which are naarlihrd BTter birth hj tnilk t^om ifat 
te*ts (Jfnninue, Uammary ghwh) of the mMhcr. A f triking diStram 
Id embrjDDic deTtlopment bat led to the diTiuan of thb claJu InM I«« 
great gronpe; In one of these, when the embrjo hu attiuDed • mWa 
■lege, a Taicular coDn^ctioii, ealted the placenii, ii formed betwetD tbi 
embrjo and the mother ; in the other thia ii voiitiDg, and Iht jout 
■re produced la a ler; iDComplele atnte. The former, insllldilkE tit* 
greater part of the claai, are called Placmial mamnaii ; the Utter, M 
Aplacental mammall, include the Harfnptali and Uauotremta ((W- 
lhorhync\ui). 

UahhitesOub. — Having mammx or tenln (tee M aiiuim a), 

MiHDnwja, in Insacta.— The lint or nppennoit pair of jawa, irhidi an 
generally soliJ, homft biting organa. la Birds the term is applied to 

both jawi vllh th«ir banij coTeriagi. Is Qsudnipcili tbe uundiblt 
ia properl; the lower jaw. 

Mabeufiau. — Aa order of ManimnUa in which the yoiuig ar« bora in a 
Terr incomplete state of development, and carried bj the mother, while 
(ncking, is a veatral poach (manupium), aucb as the Kanganoi^ 
OpoMtuna, Ac. (aea Hamkalu). 

TliULLM, in luucts^-Tfae s«cond or lower pair of jaws, which ar« c«o- 
poied of sereral joiDti and furnished wiui pecoliar Jain ted appcndsita 
called pal pi, or feelers. 

IlELtiruv. — The apposite oralbinisin ; an nndne denlopment of colooiiat 
material id tha skin and ita Bpp«Dda.ges. 

KETAVObPino Rocks.— SedimentaiT roelu which hare nndergane altin- 
ticD, generallj by the action of heat, subsequently to their depodtin 
aud cooiolidatiDn. 

HOLLHWA. — One of the great diiialons of th« Animal E^in^om, fntJndtaf 
those aaimaLi which bare a aoft bodj, iuhbIIt (bmiabed with a shell, 
and in which the nervous ganglia, or centres, preaaot no definite genanl 
BrTangemeut. Tbej are geaerally known under the denomilatioa of 
"shell-iish;" the cutlle-fish, and the cominoa snails, whelks, ajvtsn. 
muaseli, and cockles, nutj serve us eiamplea of them. 

HosoooTTLBDom, OF UONoCDTrLEDOSCniB PLANTS.— Plauls in whtch thi 
seed lends np onlj a single seed-leaf (iir cotyledon) ; charsetcrtMd bj 
the abBence of canieculive layers of wood in the stem (endonmnu 
growth}, by the reins of the leaves beiog generailrstmlght, and bj tht 
part! of the Sowen bein}- generally In mnltlpla* of three. {Exanpltt, 
brasses, Llllea, Ordiids, Palms, jie.) 

Mo&AiNEg. — The aconmulatlona of iragments of rock brmght dffwi by 

Uok;^Ou»t.— The Ian of form or itructnre iDdeprndent of fiuietloiL 



Hm^titas. — A tl>g« in tho doielopncDt of Mrtiln CnuUMuu 
(Pn»[u), In which Ihi!]' dnxtjr rtntnbte tli< *dalU of a {■aw (Jf(ri>i) 
bdoDgiiig lo a ilightlf lower group. 

rr. — CammendDg derelopmrat. 
^ATiTOBT.— AiUpUd fur Iht porpoM of (wimmiDg. 

u, — The«arU«l >tag« In thtdottopmentormuy CruUcn, 
•upcdall; belonging lo the lowir groopa. In Ibii tligB Ibe sniiiul hu 
■ ihort bodf, with Indutiiict iiulicitloai of ■ diTJaion into tegmtalt, 
uhI Lhree pain of fringed limb*, Thii fotin of the commoD frHh-witar 
Cgclig)! wu ducribtd u a dliUsot gtnua uadet the Dune of A'atipliiu, 

VKOttxTiOB. — Tho ■riugoiitDt of tho teIiu or uenuru in the wlogi sf 
IiukU 

HeUTekL — ImMtftctly dartloptd feniDl« of nrloin twul insecli (inch bi 
AiU and Baca), wblch Ftrfuno dl lb* Ubuun of the conunoiiilj. 
Henn tha/ ara alao called wortc*. 

HKirZiXiaa Mehskakb.— A Kml-tmuparetit nambruia, which can b* 
drawn acroM Ibe eja In Birds and liaplilai, cither to modtml* Iba 
aBecU of a itroiic light ot to twaep jautlolw of diut, lie, (cam the nit- 
face of tba eye, 

OCBI.I.T, — The almpla ejei or ttemnata of tasectt, lunally iltiuted on tha 

crown of tha head between tha jraat axnponsd tjtt. 
(EUPlUilUS.— Th* gullet. 
Oouno. — A gmt larlN of lecondary rock*, lO enlled from the leitora of 

*om* of Ita monban, which appear to ba made op of a iiuaa of miall 

tgg-^it «alcar«oiii bodia. 
OpKRCtn-lTN. — A ealcaraoua plit< tmplafed bf manj HolSoKa to doM the 

aperture of their ehell. The operciUar valva of Cirrlpedo ara thoM 

which cloaa tha apertui* of tha ^ell. 
OBUtT. — Tha bouf earitjr for tha reception of the eye. 
OmiAmsii. — An organlMd being, whether plant or animal. 
OBntCflPCBIIODi. — A tana applied to thoaa frnlli of the Qmbellilhrai 

which hara tha teed itnlgbt. 
OacuLatrr. — Fornif or groapa apparently Inlermsdlata between aad oon- 

neeting olhai groape an aaid to be oecnlanL 
Or*.— Egg), 
Of utim or Otxrt ^n pland). — The lower part of Ibe piitil or (toalo 

organ of the Hower, containing tha ovulea or incipient uodi; bj growth 

after the other orgini of tha flower hare fallaa, it oiuailr beccnHS 

concerted into the fhilt. 
OnaEBOCB. — Egg-bearing. 
OvDi.a (of planta). — The eeada tn the earliiat condjlioa. 

PAOHmBBVa. — A groop of Mammalia, ao called &oia their thick akiiw, 
and Indoding the Elephant. Rhioocero*, Hlppopotunui, Ac. 

tu-MfoaiC — The oMe*t ajilum of foaiiliferoai reckt. 

Ttin, — JoiDtod appendage! to ioma if the orgiu of Ibe month in LuKtl 
andCrutlMMB 



I 
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PiPiLiosiCRX. — An order or Plnnti (irt LEOiniiSoax), — The flomn of 
thua planta arc called papYnnaiwuu, or butterflj-lxke, from tli( 
fancisd nHmbluicc of the eipaaded lapirior petnli to llu wingi Tva 

Taouite. — An uiiiiul or plant liriig upon ot in, nod it tfaa upeuc <i( 

■nother orguiiun. 
pABTaBKOOKHEBf^ — Tht production of Urliig orgBniuoa from nnimpng- 

ultd tgp or «edi. 
PaDimC[rL4TED. — Sapportad upon ■ Bt«m or tUli. Tho p«duncnkt«d ok 

hu its Bconu boms upon a fooUUlk. 
Pkwdbja nr PelOribm, — The appearaaca of regolaritj of elroetui* in tht 

flowen of plant! which nonnally bear insgnUi flonen. 
FxLTiH. — The baa; arch to which the bind limbi of TcrtobrUe ^n'"fti>l' u* 



rmU.-~The leBTei of the « 

Thejareaiaallf ofdelicat 

FHTLLODiKEOns. — Haling flal 

PiaxENT. — The coIdb 



olla. 



ond circle of organ) in x Sowtr. 
eiture and brightlj- coloured. 
latCeued, leaf-like twigi or leaikUlkt inttead of 

oaterial produced geamllf in the niper£ciii 
paru 01 animaifl. ine cella aecretiog it ire called pi^jmettt^eUA 

Pdi KITE.— Bearing lealieti on ewih side of a central stalk. 

Pvnu. — The female or^ns of a Sower, which occupj a pou'tion In tilt 
centre of the other Qoral organa. The pistil ii generallj dirisiblt inM 
the oiiry or germen, the style and the stigma. 

P1.UIENTAIJ1, P1.ACKHTATI, or Placental llammali. — See MuninT^ 

PLANTiGRADEa. — Quadrupeds wMeli walk npon the whole wle of tb« (bit, 
like the Bean. 

PlaSTIO. — Eeadily capable of change. 

PlJc:m>;ENB Period. — The latest portloD of the Terllarj' epoch. 

Pmjxijle (in plaota). — The minute bud between the aeed-iearM of newlj- 
germinated plonti. 

Plutonic Rocks. — Rocks supposed to hare been produced bjigaooaaaotloB 
in the deptha of the earth. 

Pollen. — The male element in flowering plants; usually a fine &tM pro- 
duced bj the anthen, which, by contact with the stigma eSecU ths 
fecundation of the seeds. This impregnation is brought about bymeatt 
of tubes (jw/fen-fuVi) which issue from the pollen-gnuns adhering la 
the stigma, and peoetiate through the tissues until they iradi tt>t 

POLrAMBRODS (Sowers),— Flowers haTing many stamens. 
P0LTi}AHOtl9 Plants. — Plantsjn which some flowere are miaelaal iftd 
' " . The uoiseiaal (mole and female) flowen^ may U 
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in dilTer< 



tplan 



' POLmOKP^C. — Presenl 
PoLTKOAnr. — The comi 
•nch as the well-knc 
PnEK£?'Sii.E.T— Capable of gTa£ping. 
PwEPOTETrr. — HaTing a superiority of |)oiVBr. 



lany formi. 

tructnre formed by tb* oalli of Um PsljVii 
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pBiuARiEa. — The feathen fomiiBg the tip of the iHng of ■ bird, ud In- 
serted apon that part which reprea^att the hand of mmi. 

PbOCeBbes. — Projecting portiou of bonM, nnully for th« attachiiiest of 
mtuclei, ligament!, tic 

PbopOUb. — A resinooj material colUctid by the HiT*-B«€t Irom tlw 
openiag bodi of rariooi trees. 

PboteaH. — £iceediDglj variable. 

Pbotozoi.— The lomit great diTiilon of the Animal Kingdom. Thew 
uiuuIb >rs compoied of ■ geUtinaiu material, and >hov acarrely bdj 
trace of distinct organs. The Infmoria, Foraminifera, and Sponges, 
with Bome other fomu, belong to this diriiion. 

Pin'l(pl. fnrx). — Theiecond stage in the deTelopmentofan Insect, from 
which it emerges in the perfect (winged) repr«iuctive form. In most 
iaaMtl the pupal stage ii paued In perfect repoH. The cArysiilia u the 
papal state of Butterfiies. 

RasiCLB. — The minnte root of an embrjo plant. 

lUtAra.— One half of the lower jaw in the Mammalia. The portion which 
riMi to articnlale with the skull it called the ascending ramas. 

IUkoe.— The utent of conntrj over which a plant or animai is naturally 
spread. Rangi in linu eipresscs the distribntion of a spcciei or group 
throogh the fossiliferona i>edii of the earth's crnAt. 

IteiDrA. — The delicate inner coat of the eje, formed bv nerrona filaments 
spreading from the optic nerve, and serviog for the perception of the 
impressions produced bj light, 

KrrROaBEffiiaN.^-Backward development. When an animal, as it ap- 
proaches matoritj, becomes less perfectlj organised than might be 
eipected from its earlj stages and known relatloiishipa, it is said to 
undergo a retrograde dewloj^ient or Tns^mor;iAoiii. 

BsiEOPOOe.— A class of lowlj organised animals (Protoioa), baving a gela- 
tinooa body, the surface of whiah can be protruded in the form of nnt- 
like processes or filameula, which serve for locDOiotioa and the preben- 
■Jon of food. The most importiuit order is that of the Faraminifera. 

BoDEHTS. — The gDawlag Uammalia, such as the Rats, Babbits, aod 
SqnirreN. The; are espetkll; characterised by the possession of a 
liDgle pair of chisel-like cutting leelb in each jaw, between which and 
the grinding teeth there Is a great gap. 

RoiiDS. — The Bramble Genns. 

RoDiHESTiBr. — Verj imperfectly developed. 

ItcmK^lXTB.— The group of Quadrnpeda which rnminate or chew the 
end, inch as Dicn, sheep, and deer. Thej baTa divided boofi, and an 
deetltnte of front leetfa in the upper jaw. 



BaKOODE. — The gelatinous mslenal of which the bodies of the lowest 

animals (Protoioa) are composed. 
S0CTEL1.X.— The horny plates with which the feet of birds are generally 

more or less covered, especially in fiont. 
BmnmsTAaT Fobmatiohs. — Bocks deposit*! m ■edlmanta hem -rater. 



L. 



-The tnuutens lings of whkh ibn bodj of an uticolill 
animal or Aonelid u composed. 
Sbfus. — Tb« leaTu or KgraeoU ot Uia ealji, or mimaatt Kmlop* of 
an ordinary flower. Tbey are luuaUj green, but nmatim** htightlf 

OoloOKd. 

8BItKATD«E±— TeeLb lika Ihoie of a »«. 

Bbbsilb.— Not mpparted oa a itcoi or footitalk. 

hUTR'A" StsTEH. — A Terj andent ajatem of ibiaiUfBr«na tocka b«k^jd( 

to Uu gulier part of the Falooioic leiiea. 
BPBCUiJUnDil. — Dm Mtting tpiui of a parUonlar organ foe tbe perlbim- 

■nw ci a particular t^uctlon. 
araiAL CuoBD. — Tbe central portion of the nerroai cy lUm In tin Vcrti- 

brats, wblcb deioende fnaa the bnin through the uthei of tie vcr- 

tebnr, and giies off ■earl}' all tha Borrea to tlie Tariona Dtgam of Uu 

body. 
SriMSHL — The male organa of flowering plants, itonding in a circle wlthii 

the petals. Thef nsnsUf consist of ■ liUinoot and an uither, the 

anther being the tuentiju part in which the pollen, or lecDDdalii{ 

dnst, ii formed. 
SrBKKDli. — The breaat-boDB. 

Bnait^ — Tbe apical portion of the piitil in flowering plaota. 
Sttfuleb. — Small leafj oi^nna placed at the haae of the footatalka of the 

iuT» in mabj pUuU. 

Sttle. — Tbe middle pniion of the perfect pistil, which riaea lika a eohiBB 
from the orary and snpporti the aligma at its snnun*' 

9[rD0<jraNEoas.^^itiuited beneath the akin. 

9C0T0BUL. — Adapted for nicking. 

9UT1TRES (in the iknil).— The line* of innction of tbe bonea of which' 
skull is compofied- 



Ueh^H 



TABerre (pi. Tu^Si). — Tbe jointed feet of art icolate animals, nch aa 
TBLEOBTEUf FiSHES. — Flshci of the kind familiar to ns in the prseat day, 

hnriag the skeleton Dssally completely octilied and the hmIb horny. 
TEMTAOULa or TEKTiCLKB.— Delicate fleshy organi of prehension or tcocb 

poHeued by tnany of the lower animals. 
TntTURr. — The latest geological epoch, immediatety preceding tbeota- 

bllshment of the present order of thingi. 
T&aQBEA. — The wind-pipo or passage for tbesdmisiion of air la tbe Inngs. 
TRIoaOTTLK — Three-Gngered, or oompoaed of three morable porta nttadud 

TaiMiBiTES. — ApecoliargronpofeitinctCmirtaoeflnj, somewhat resemblinj 
thaWoodlice in eitemal form, and, like some uf them, capable of rellini 
thenuelrea up into a ball. Their remains are found only in the Palso- 
loic rocks, and most abnndaotly In those of dorian age. 

TsmOBPinc.— Preeenting three distinct forma. 

HnBELLirEB*. — An order of plants Id which the flowCTt, wElcb contaiD 
fire stiimeni and a pistil with two styles, are mpported upon fijotrtalks 
which (pring from the (op of the flower item and spread oBt like the 
wiree of an umbrella, so as to bring all the flowers in tho same bead 
(iMit<0 "^t'r Ki '111 same leveL (Egampla, P»r»J«y and Carrot.) 



, (Jhoulatx — Hooftd qiudrnpcdi. 

UnaEU,uuia. — Couutlug oCa tingU cell. 

J Tl3Citi.Ait. — Containing btood-TCMeli. 

I VKUlirOBii. — Like ■ wonn. 

KVnxEBkATi: or VEvniDUTE Annuu.— Thfl hlgbot dlTiilon ef the 

^fa uinul kiigdom, m called from the pTBScno Id mut catet of i buok- 

^H boot Domp«*d of ntUDaraoi JolDti or nerMirm, which coiulitutei the 

^V MDtn of tb« ikelctoD tai at the uma lima •njipocU and protect! 

^B til* oeatial parta of the nerrotu ijBtam. 

^KWbobu. — The circtat or iplnil Udm ia which the pu-ti of ptanli ire 
^B imngad upoD the aiia of growth. 
V WOKEEBS.— Sea Nauun. 

ZofiA-n-aOE. — The aurliHt atiga in the deialopmaat of taaay of the falghor 

CmeUica*, >o called from the nama of Zot-i applied to Ihate jotug 

asiouUt when they were sappoaed to ooiKtitnlc a pacnlltc gtnni. 

ZOOIDO. — In man; of tha Uvcr aoimali (inch u the Corali, Medtue, jic) 

raproduction lakes place in two wayi, umelir, bjr mtaiu of eggi and 

br a pmceta of budding with or nithont Hpanliou from the parent 0/ 

t£« product of tba Utter, which i* often rer? dlOerent fioni that of the 

Th* iodiTJdnalitj of the tpecit) ii rapieiented bf the < ' ' 

' " ioctioWi and thea 

t bean «U«d noiiiEi. 
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